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2.0 PURPOSE AND SCOPE 

and bedrock matenals In addhon, the number of errors and the amount of reloggmg wdl be 

reduced Thrs wdl allow htholmc dembtions to be comt.)ared from war to vear and wdl enable 

Over the penod of the last few years, it has become apparent that a standarched procedure IS 

needed for loggmg d u d  and bedrock m a t e d  'Rus need has ansen because each subcontractor 

has shghtly Merent procedures and mtem for 1- borehole m a t e d  Begmrmg m 1991, all 

subcontractors wdl use the procedures that are covered m thrs SOP 

RFGTS 
based on rehble data This p*Cb A-vL doc* m3.rl &?fly 
uc bed YIO& - + e r t k l s  dsv\vcd 

a \ \  wi-1 
gCTval;rc I n V ~ b $ M b - & ~ & . .  

On the RP site, "alluwal m a t e d  mcludes alluwum, colluwum, fill, and agronomic sods Samples 

of alluwum, colluwum, fill, and agronomic sods are to be classlfied and dtscllbed usmg the Udied 

Sod Classficahon System (U S C S ) and enhanced by Item 10 1 111 ASTM D2488, "Descnphon and 

Identficahon of Sods (Vsual-Manual Procedure) " Bedrock matenal, regardless of the degree of 

weathem IS to be classfied and dembed by usmg many of the procedures and techmques 

desmbed m Compton's "Manual of Field Geology" (1%2), wh& has been mcorporated wth 

addhonal m a t e d  m thrs SOP 

P 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

gRPm'cc+ Team 
The -$r~ject manager has the overall responslbhty for lmplementmg ttus SOP The 

subcontractor's project manager wdl be responsible for ass- project staff to lmplement thu 

SOP and for ensumg that the procedures are followed by all subcontractor personnel 

All personnel perfomung these procedures are requved to have the approptrate health and safety 

tr- as speufied 111 the site-spec& Health & Safety Plan In ad&hon, all personnel are 
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reqmed to have a complete understandmg of the procedures described wtbm thrs SOP and receive 

specltic tr- regardmg these procedures 

Only q d e d  personnel wdl be allowed to perform these procedures Requred quahficabons vary 

dependmg on the actiwty to be performed In general, q d c a b o n s  are based on educabon, 

prewous expenence, on-the-job trammg, and supemion by q d e d  personnel Personnel who log 
R$- 

alluwal boreholes must study the R4PAlluwal Reference Set that contam examples of all 15 

sample classlficatrons wthm the U S C S System Personnel who log bedrock boreholes must be 

quaied geolojpts or geolwc enpeers, who have received s p e d  permwon to log bedrock 

holes All of the loggers must stud the Core Reference Set that contam 15 representawe samples 

of the stratgraphc section m the RR' area In adhbon, they must study the Alluwal Reference 

Set These reference sets are used as tr- guides to help ensure consutency among logging 

geolopts The subcontractor's project manager wdl document personnel qdcabons related to 

thu procedure m the subcontractor's project Qual~ty Assurance (QA) files 

LFms 

All project staff are responsible for reporting dewahons from thrs SOP to the mdmdual's project 

manager The subcontractor's project manager wdl report demtions and nonconformances to the 

EGESqroject manager 

When field con&oons re w e  dewabons from the SOP, a Document Change NoUce (DCN) wrll 
be authonzed by an E!&D 1-g supemor An 5 M Department Adrmnrstrative 

Procedure outltaes the DCN approval process 

EQ Prep? Tun, 

ER  8 FO et7bam ER 63-@**r3lrn 

REFERENCES 

SOURCE REFERENCES 

The followrag IS a hst of references rewewed prior to the wntmg of thu procedure 

I- 
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ASTM Method for Pmcle  - Slze Analvsis o f solis. so d and Rock Dunensloas. Stone 

Svnthebq Vol 0408 Sec D422 1989 

Geo- 

ASTM 
Manual Procedures). Sod and Rock Dunens ions. 

1989 

for Dgsgption and Identlficatlon of S- W i d  

G e m  Vol0408 Sec D2488 

Blatt, H , Middleton, G , Murray, R Onan of S e m  Rot& Prenuce-Hall 1972 

Compton, Robert R Manual of F ield Geo IQOY John Wdey & SOILS, Inc 1962 

Harlan, R L , KoIm, ICE, Gutentag, E D Water-Well D- Development m 
Geotechmcal EagmeeMg, X60 Elsevler 1989 

Krumbem, W C , Pettijohn, FJ muaI of S- PetrqOtpOby Appleton-Century-Crofts 

1% 

UIllfied Sod C l d c a h o n  System Apyndur A. C h a r e  of Sod G roum Pertamw @ 

Z B .  c t o R o &  

jmd M e l d s  (U S ) Army Engtneer Waterways Expement Staoon Vicksburg, MS 1960 

CLASSIFICATION/DESCRP"ION 

UNIFIED SOIL CLASSIFICATION WSTEM (US.CS) 

RFGT5 
The U S C S  c l d c a b o n  system wdl be used at RS? The U S C S ,  as usedm tlus SOP, has been 

moddied from the Army Corps of Enpeers' T e h c a l  Memorandum No 3-357, The  Ulllfied Sod 

Classficauon System" (1960) Physlcal characterutics, whch are normally deternuned through I 
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5.1.1 

5.13 

5.13.1 

I laboratory analyses, are not mcluded m this SOP because they are neither practtcal to do m the field 

nor appropnate to geologrc 1- A repmt of the U S C S IS enclosed m Appenctx GT lA 

Basis of Classincation 

The U S C S hstoncally has been used to classify "sods" based on then textural properbes, hqud 

h i t ,  and orgaruc content In the past, the term "sod" has been used by enpeers as a catchall term 
that mcludes all unconsohdated m a t e d  Because enpeers are concerned unth how the sod 

behaves as a construchon matenal, ths all-mcluslve approach has served them qutte well 

However, m ths SOP, the U S C S wdl be apphed only to alluwum, colluwum, & and agronomic 

sods Thts has been done to separate unconsohdated cover matenal from bedrock that has well- 

defined sebentologrc and deposihonal patterns, regardless of the degree to wbch the bedrock has 

been weathered In the SSP area, it IS more mportant to deterrmne the possible paths of 

groundwater movement based on hthologrc vanabhty and geologrc processes than it IS to determme 

the enpeenrig properbes of weathered bedrock based on its phpcal behawor 

I 
RFn9  

Texture 

Grain Size Scale 

The U S C S gram slzt scale IS dmded mto four mam categones (1) cobbles, (2) gravel, (3) sand, I 
and (4) hes The gravel, sand, and fmes are subdmdcd mto coarse and fine gravel, coarse, 

mdum,  and fine sand, and sdt and clay 

Table GT.1-1 IS a summary of the U S C S gram sue scale as well as the Wentworth, Atterberg, 

and U S Department of Agtrculture gram slze scales (Krumbem and Pettqohn 1%6, and Compton 

1%2) In this SOP, the U S C S gram sue scale IS used when 1- alluwum, colluwum, f 4  and 

agronomic sol, whereas the Wentworth scale IS used for 1- bedrock I 
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Neither the U S C S nor the U S Department of Agriculture gram sue scales have a common base 

However, both the Wentworth and the Atterberg gram slze scales are geometnc senes mth a base 

of 2 and 10, respemvely 

I It should be noted that the d~wsions between gravel and sand, as well as those between sand and 

sdt, vary from scale to scale This makes it somewhat Micut  to compare the U S C S gram slze 

analyses w ~ t h  analyses based on other scales Most geotechmcal laboratones show only the U S C S 

gram sue ranges on the graph paper Figure GT1-1 IS a m&ed graph that shows both the 

U S C S and Wentworth gram SIZC ranges ASTM D422, "Partde-Slze A n a l p  of Sods," should 

be used to perform the gram sue analyses but should be m M e d  to mclude a 230 sleve when 

bedrock IS bemg analyzed I 

Sieves and gram slze charts should be used regularly when gram sne determmattons are made It 

IS unportant to mentton that a small degree of error IS mherent betwexm gram slzc determmations 

made m the field and those derived 111 the laboratory Field analyses are based on volumetnc 

(wual) measurements, whereas the laboratory analyses are based on welght measurements 

However, the procedures employed m t h ~ ~  SOP s@icantly reduce the m a r p  of error 

The logger IS respomble for subd~wdmg the core mto mtervals of slmdar htholog~es From each 

mterval, a small representative sample wdi be collected, b e d ,  desegregated, and sleved, usmg the 

appropmte Steve nest The volume of matenal m each sue class wdl be measured u s q  graduated 

cyhders and beakers and recorded The logger must record the percentages of gravel, sand, sdt, 

and clay Percentages of d t  and clay can be esmated mth the a d  of a bmocular rmc~oscope The 

percentage of abundance diagrams m Fgwe GT 1-5 and the sod reference set wdl be used when 

appropnate All percentages should normah to 100% and be recorded LII the gram slze column 

of the loggrng form 
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TABLE GT 1-1 

Gram Slze Scales (mbeter[mm]) 

USCS Wenworth Atterbcrg 

>762 25664 mu) 

- I 64-32. I -  
76 2-19 32-16. 

19-4 76 

- I 4-2 I -  
1 2-1 I -  

4 76-2 I 1-05 I 2-02 

2- 42 

42- 074 

< 074 

Vanable 

05-0.25 - 
025-0125 02-002 

0125-00625 - 
00625-00039 002-0002 

<O 0039 <O 002 

Base2 Base 10 

‘ky=-fG= 
V C  Gravel 

C G m l  

80-2 M Gravel 

- F Gravel 

- Granule 

- 

M slurd 05-0 25 

025-01 F Sand 

0 1-005 VF Sand 

O(ls-0002 Sllt 

<002 -Y 

Vanable 

‘Pebble 
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5.1.23 Graded Matem 

The concept of graded matenal IS used to desmbe the number of gram slze ranges that are present 

Wrthm the central portion (approxmately 80 percent) of the gram sue dstribution for samples wth 

less than 5 percent fines (dt  and clay) If 80 percent of the sample contams predommantly one or 

two gram slze ranges (such as m d u m  and fine sand), it is poorly graded and has a symbol (P) 

If 80 percent of the sample contams three or more gram sue ranges (such as fine gravel, coarse 

sand, medum sand, and fine sand), it IS well graded and has a symbol (W) 

Field values may be checked after the gram sue analyses have been calculated and plotted The 

umformity coeffiaent IS a useful value that may help determme whether a gravel or a sand IS well 

graded The formula for the umformity coefficient IS 

where the D values are read dlrectly from the gram sue plots and represent the amount of material 

that IS finer by we@t Well-graded gravels have a value greater than 4, and well-graded sands have 

a value greater than 6 

5.13 Field Estimates of Plasticity 

The p h u t y  charactemtm of fme-grwed alluwum or the fine fraction of a coarse alluwum should 

be determmed per the procedures covered 111 the U S C S (Appendtx GT lA) The fol loyg 

paragraph and paragraph excerpts are taken from the U S C S in Appendm GT lA 

"Particles larger than about the No 40 sieve sue are removed (by hand), and a speumen of sod 

about the sue of a 1/2-inch cube IS molded to the consistency of putty If the sod IS too dry, water 

must be added, and If it IS st~clry, the speumen should be spread out m a thin layer and allowed to 

lose some molsture by evaporation The sample IS rolled by hand on a smooth surface or between 



LOGGING ALLUVIAL AND BEDROCK MATERIAL 
Re& C b  ss e n u k m o r n  en+&/ "'a,'+c 

Manual: 5-21ooO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT.l, Rev. 2 

Effective Date: March 1,1992 
Category 2 o ~ i z a t i o n :  Environmental Management 

page: 12 of 34 

5.13 1 

5.13.2 

5.133 

5.1.4 

the palms mto a thread about 1/8 mches m hameter The thread IS then folded and rerolled 

repeatedly Durrng &IS marupulatron, the molsture content IS gradually reduced and the specmen 

stlffens, finally loses its plastiuty' and crumbles when the plastrc h i t  IS reached After the thread 

crumbles, the pieces should be lumped together and a sltght kneading aaon  contrnued untd the 

lump crumbles The tugher the position of the sod above the 'A' h e  on the plashuty chart the 

stdfer are the threads as thev water content approaches the plastrc h i t  and the tougher are the 

lumps as the sod IS remolded after r o h g  * 

Alluwal samples wth a low plastiuty *form a weak thread and 

a coherent mass below the plastic h i t  " 
cannot be lumped together mto 

Medium Plasticity 

Alluwal samples wth a mdum plastiaty "form a meQum tough thread (easy to roll) as the plastrc 

h i t  IS approached but when the threads are formed mto a lump and kneaded below the plastic 

h i t ,  the sod crumbles ready * 

A l l u d  samples wth a hqh plastruty form a stdf thread "as thev water content approaches the 

plashc b u t  and the tougher are the lumps as the sod IS remolded after rolltug." 

us.cs. sample Classification 

The sample classlficatrons of the US C S are dustrated in F i e  GT 1-2 In order to classlfy 

alluwum, colluwum, r;U, and agronomic soh, it IS necessary first to esttmate the percent of all the 

gram slzc ranges m the sample and determme the plastraty of the fines If they compnse more than 
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50 percent of the sample With this dormation, enter Figure GT 1-2 from the left and progress 

to the right m a t h g  the textural, plashaty, and o r w c  charactemha of the sample 

The progression through Ftgure GT 1-2 1s an "If/then" sequence of demons that ultunately leads 

to the proper sample classficahon For borderhe gravel and sand sod classltications whose fmes 

content ranges from 5 to 12 percent, a spht classfication should be assigned based on the two 

dommant sod types wth the mam type given first A spht c l d c a h o n  IS also j u s t ~ f i d  for gravel 

and sand sod types h a w  equvalent percentages of coarse frachon m a t e d  pasung the no 4 sieve 

Log descnphons should idenhfy the appropriate USCS symbol(s) and assocrated htholog~c 

(graphc) log, however, the sample descnphon should reflect the most frequent gram slze m a 

manner consstent wth the cldicahon for bedrock untts (see Seaon 5 25) TWO examples follow 

Example 1 Seventy-five percent of the m a t e d  IS greater than the No 200 

sieve, 53 percent greater than the No 4 sieve (gravel), 22 percent 

IS sand, and 25 percent IS fmes (10 percent d t  and 15 percent 

clay) The proper classficabon for thu sample IS a sandy gravel 

wth some clay and silt (GC) I 
Example 2 Edty-five percent of the m a t e d  IS smaller than the No MI0 

sieve, 5 percent IS gravel; 10 percent 1s sand, 30 percent IS stlt; 

and 55 percent IS clay that has a low to mcdtum plast~aty The 

proper classfication for thLS sample IS a dty clay wth some sand 

and a trace of gravel (CL) I 
Note Both examples use the range of abundance terms defined m Sectron 5 2 3 1 I 

I Generally, sample descnwons should be made L I ~  the followmg order 

Mam textural cIassfication w~th modtfiers 

( 4 0 1 1 ~ ) ( G r l m 2 ) ( a 3 / 0 2 ~ )  
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FIGURE GT.1-2 SOIL TYPES 
1 I I I 

Major 
Divisions 

I Gravel 
and 

Gravely 
soils coarse 

Wried 

Sand 

Soils 
I S S Y  

I Morsthm50K 

a- 

' 

' 

ofrnatenelb 
' 

hrgerthanno ' 

Mon)lulSOY 
200rleverize ofoourrkrt. 

IID 4 d r u  

Fine 
Gmned 

SOllS 
Silts 
and 

Clays 

Mom than 50% 

of matmid is 
rrmrllrthurno 
200 *e riz. 

Highly Organc solls 

Note Dual Symbols areused toindicate borderline soil classifications 
whose fines range from 5 to 12% 

Unified Soil Classification System 
Modified from "Water-Well Design and Construction, Development in 
Geotechnical Engineering, 60", by R L Harlan, K E Koln and 
E D Gutentag, Elsevier, 1989 

(4011 9-131 930XFlpGT I 2)(U3/01/92) 
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Color' 

Gram slze 

Gradmg 

Angularity (ASTM D2488) 
Plasticity 

Composlbon 

Beddmg 

Moature content 

Top of bedrock, rf present 

I ' See Secbon 5 2 4 for gudehes on descnbmg color For alluvlal gravels, the 

color reported wdl be that of the mat= 

5.1.5 Problems With the US.CS. 

The followmg are problems that are mtrinsic to the U S C S An obwous problem wth the U S C S 

IS that a change of one or two percent m coarse or fine m a t e d  on either side of the 50 percent 

boundary may cause the sample classification to vary considerably For example, a clayey gravel 

(GC) or a clayey sand (SC) could easdy change to a gravelly clay or a sandy clay Hlth low plastiaty 

(CL) or a sandy clay wth tugh plastiaty (CH) Clearly a dadcatton system that 1s thrs sensitwe 

1s subject to errors, espeually 111 the field 

Another problem IS that it 1s all but unpossible to determme a hqwd b i t  m the field For the 

purposes of this SOP, the hqwd b i t  has been replaced by field estmate of plasbaty (see Sub- 

I sectmn 5 13) 

plasbaty determmabons 

All loggers wdl refer to the I" Alluwal Reference Set as an ade m malung 
Q C a - 5  

The U S C S also lacks the textural property of angularity that helps to determrne the matunty of 

a sedunent 



W I N G  ALLUVIAL AND BEDROCK MATERIAL 
ta)4d?vlol -rc ; ;=c l l3  t i s  R-ky Fh93 Envt-o*zJn 

' 

Manual: 5-21000-0PS 
EMD MANU& OPERATION SOP Procedure No.: GT.l, Rev. 2 

Page: 16 of 34 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

F d y ,  the U S C S IS a purely desmptive classlfication that has been deslgned for construction 

purposes and concentrates heady on the physical properhes of clay Because of hs, the U S C S 

has 15 sample classficat~ons and IS very cumbersome 

5.2 BEDROCK DESCRIPTIONS 

All bedrock matenal should be c l d i e d  and desmbed by usmg many of the procedures and 

techmques desmbed in Compton (1%2), whch has been incorporated wth addihonal matenal m 

thls SOP 

5.2.1 Basis of Classification 

Compton classlfes sedunentary rocks on the bass of thew texture, fabnc, and composition Rock 

demphons such as conglomerate, sandstone, sdtstone, and shale (claystone and mudstone) are 

textural classficahons based solely on gram slze When other properties U e  sortmg, roundness, 

bed thrckness and contacts, cross-strahfication, color, cornposhon, cement, porosity, and fossd 

content are mcluded, it IS possible to make mterpretahons of where, how, and under what 

con&tions the sedunents were d e p t e d  

5.2.2.1 Grain Size Sca le 

The Wentworth gram we scale IS dmded mto SIX mam categones (1) cobbles, (2) pebbles, (3) 

granules, (4) sand, (5) sdt, and (6) clay The pebble and sand categones are subdmded rnto very 

coarse, coarse, mehum, and fine pebbles, and very coarse, mars ,  medtum, h e ,  and very fme sand 

(see Table GT 1-1) The scale IS a geometnc series wth a base of 2 
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Unltke the U S C S m whch the sand/sdt boundary occurs at 0 074 mm, the sand/& boundary 

OCCUTS at 0 0625 mm m the Wentworth scale Smce geotecbcal laboratones generally plot gram 

slze analyses on graph paper that IS compatible wth the U S C S , it IS mportant to ensure that they 

also d u d e  the range of Wentworth gram sue mtervals on the graph paper (Figure GT 1-1) The 

gram slze dstnbuhon of bedrock matenals are made usmg the s l e w  techxuques as dembed m 
Sechon 5 1 2  1 

52.2.2 Denreeo f Sorting 

Sortmg IS a measure of the extent to wh~ch a sedment has been m o w e d  or reworked durtng 

transport It also IS a good mdmtor of the matunty of a sedment, the energy of the transportmg 

agent, and the enwonment of deposihon I 

In order to determme the degree of sortmg, Compton (1%2) states, “an estunate IS made of the 

range of gram slzes that d u d e  the bulk (here 80 percent) of the detntal matenals” It 1s then 

necessary to count the number of slze ranges that are contamed m the 80 percent sample (see Table 

GT 1-1) The number of sue ranges IS then compared wth Flgure GT 1-3 to d e t e m e  the degree 

of sortlng that describes the sample best 

Roundmg IS a measure of the amount of abrasion a gram has undergone However, it IS s9f 

generally used to dembe sedments that are much finer than sand, because grams finer than sand 

tend to have elashc colhons that do not affect the shape of the gram. Two propertm that must 

be considered when estmatmg the degree of roundmg are (1) the compihon and (2) the oripal 

shape of the gram Roundmg can be an mdmbon of sedunent maturity, sedunent transport ktory 

and sometunes provenance The shapes shown m Flgure GT 1-4 should be used to estmate the 

degree of roundmg of mdmdual gram 

I 
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TERMS FOR DEGREE OF SORTING 

Very Well I Well I Moderately I Poorly- IVery Poorly 
Sorted 1 Sorted 3 Sorted 5 Sorted 7 Sorted 

FIGURE GT.l-3 

Terms for degrees of sorting The numbers indicate the number of sizeclasses included by the gea t  
bulk (80 percent) of the material The drawings represent sandstones as seen with a hand lens Silt 
and clay-size materials are shown diagramatically by the fine stipple Taken from Compton, 1962 

TERMS FOR DEGREE OF ROUNDING 

Very Sub- Sub- Well 
Angular Angular Angular Ronnded Rounded Rounded 

FIGURE GT.l-4 

Temis tor degree of rounding grains as seen with a hand lens After Powers, M C , 1953, “Journal 
of Sedimentary Petrology”, v 23, p 118 Courtesy of the Society of Economic Paleontolog~sts and 

Mineralogists Taken troni Compton, 1962 
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5 6 6 4  PorosiQ 

Porosity IS not always an easy property to estmate m the field because the bedrock can be 
drast~cally altered dung drdlmg and cormg as well as by weathemg Generally, samples extubit 

more porosity than the rock actually contams 

Porosity wdl be estmated at 2OX usmg a bmocular microscope and expressed as a percentage of 

the total rock volume The abundance charts shown m Figure GT 1-5 wdl be used The porosity 

seen at UIX power IS an estmate of the effectwe aqder poroslty 

5 6 3  Estimate of Abundance 

F w e  GT 1-5 IS composed of several d r a m s  that represent the field of mew commonly seen 

through a microscope or hand lens Each urcle contams a number of black areas Below each 

urcle IS the actual percentage of black area that the urcle contams All loggers should rewew 

Figure GT 1-5 untll they are adept at estimating the percentages that are contamed m the urcles 

523.1 Division of Ab- 

Qmte often it IS necessary to determme the relative abundance of a vanable In these cases, the 

use of the terms trace, some, and abundant has a uthty The ranges for each are gwen m Table 

GT 1-2 
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TABLE GT 1-2 
RANGE OF ABUNDANCE 

Diwsion of Percent 

Trace 
Some 
Abundant 

>O to 5 
6 to 25 
26 to 100 

These terms generally follow a "vvlth" statement, such as, Sandstone, hght ohve gray (5Y6/1), very 

fine to fine gramed, wth a trace of carbonaceous material 

53.4 Color 

Color can convey a great deal of mformation It helps to identtfy the components of the sedment 

or rock as well as the cement In addttion, color IS mdtcative of the current chemical enwonment 

from whlch the sample was taken For example, at , hlghly weathered (omdned) sandstones 

are commonly b r o d - o r a n g e  whde unweathered sandstones are hght ohve grey 

fgg= 

To ensure that the color descnpuons are accurate and standardued, each sample should be 

desmbed whde it 1s wet by usmg the Geolgcal Souety of Amenca "Rock-Color Chart" (1984) 

If the sample has dned, it should be mostened wth clean water from a sqwt bottle Care should 

also be taken to remove sunglasses when a color determinauon 1s bemg made 
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535 Rock Classiflcation 

Clasbc rocks are manly clawtied on the bas= of thev most frequent gram sm The majonty 

of rocks at SSP are claystone, sdtstones, and sandstones, however, hybnds of these end members 

are qwte common The second and sometunes t h d  most frequent consbtuents act as meddlers 

and precede the major rock name u1 the descrrption, such as, dty sandstone or clayey sdtstone 

If, however, a rock IS composed of 80 percent or more of one consbtuent, then it should be 
described solely as that rock type The secondary textural moddiers should then be desglbed m 

the dempbon followrng a "wth" statement Figure GT 1-6 shows all the rock classlficahons and 

thev hth01opc symbols that should be used whde 1- bedrock samples 

RF FR 

53.6 Cement 

The nature of the cementmg medlum should be d m b e d  whenever possible Typical cementmg 

agents are clay (argdlaceous cement), sd~ca, and calaum carbonate (caltche) 

53.7 Friability 

The tendency of a rock to crumble IS related to how well it IS cemented and the extent to whch it 

has been weathered Table GT 1-3 shows the degree of fnabhty 
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COMMON CLASTIC ROCKS 
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TABLE GT 1-3 

DEGREE OF FRIABILITY 

Hghly Fnable 

Moderately Fnable 

Sltghtly Fnable 

Non-Fnable 

Crumbles readdy mto mdmdual 
grams upon mmor dsturbance 

Wtll crumble mto mdmdual gram 
wth extensive rubbmg 

Can be broken mto mdmdual gram 
by scrapmg it wth a pocket W e  

Cannot be broken mto m h d u a l  
gram by any of the methods 
described above 

5.28 Composition 

It 1s not the objective of this SOP to classlfy sedmentary rocks on the bass of thew mmerd content 

by usmg terhary cllagrams wth quartz/chert, feldspar, and hhc fragments at each pole Srnce 

Compton wrote the "Manual of Field Geology" m 1%2, several classtficahons have been publshed 

Two of the most wdely used classdicahons are those pubhhed by Earl McBnde m 1%3 and Robert 

Folk m 1974 Blatt, et al , (1972) presents an excellent evaluation of these and other classifications 

For the purpose of thu SOP, the geolopt 1s concerned wth descnbmg only accessory mmerals, 

fossils, and other components that lstlngush one rock from another The desmphve term(s) 

should follow a Wth" statement, such as, dty sandstone, hght ohve grey (5Y6/1), very h e  gramed, 

wth some pmk feldspar rock fragments 
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53.9 Bedding and Internal Structure 

In sehentary rocks, beddmg IS related to ddferences m texture, composihon, and color, and 

reflects changes m the enwonment of deposihon and/or the source m a t e d  Dependmg on the 

deposittonal processes that are mvolved, b e d m  boundanes may or may not represent a spedic 

moment m tune 

Compton c l d i e s  beddmg as repeated sequences of beds, shapes of mdwidual beds, and cross- 

beddmg (cross-stratdication) Repeated bed- is produced by cydc changes III the dmentary 

processes Indwdual bed shapes are classdied as tabular, lenhcular, hear,  wedge-shaped, or 

megular Cross-stratdication IS classdied on the bass of its external and mternal charactemtics 
Eixternal forms of cross-stratdicatton are tabular, wedge shaped, and trough shaped Internal 

demptwe terms that are commonly used are graded, maswe, lammated, and tangenhal (Figure 

GT 1-7) Other mternal features to be described d u d e  npple marks, flow structures, burrows and I 
tubes, load casts, and deslccahon cracks (mud cracks) 

53.10 Fractures and Slickensides 

Fractures should be desmbed whenever they are present Fractures OCCUT naturally m bedrock and I 
should not be confused wth breaks mduced by cor- and han- The charactemha that should 

be noted about the fracture are 

0 Whether the fracture 1s opened or healed 

The composihon of the matenal fw the fracture, If any 

The angle of the fracture from the homntal 

The apparent &placement of beddmg across the fracture 

Whether shckemdes are present and the angle of any stnahons from the 

0 

0 

0 

0 

homntal 
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BEDDING AND INTERNAL STRUCTURES 
B 

Cross-bedded rocks (A) Tabular sets with diagonal patterns (B) Wedge sets, showing 
considerable erosion between each set (C) Tabular to lenticular sets with tangential patterns, 
typically, these are laminated marine beds (D) Symmetrical trough sets with distinctly linear 
axes, typically, these are large-scale fluvial features The arrows indicate current directions 

Taken from Compton, 1962 

S8adstome bed 

Graded smdrloae 

+ 

Set or 
cross-strata 

Set or graded 
silt-claystow 
bed# (vanes) 

L.aia8ted shale 
rlth 1H-inch 
s8adstoac hoc* 

Various beds and sets of beds Taken from Compton, 1962 

FIGURE GT.l-7 

(4011 930012&930)(Fiyn GT I 7)(WiUl/sZ) 
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52.11 

5.2.12 

Moisture Content 

The core wdl be described as dry, most, or saturated, and the depth to the top of the saturated 

mterval wdl be recorded If a static water level can be measured, it wdl be noted The mosture 

content and stam water level (tf present) wdl be recorded m the field on the back of the core 

1- form The core logger wdl mclude ths tnformation m the core demptton 

Lithologic Description 

Generally, hthologtc descriptions should be made 111 the foilowtng order 

0 

0 

b 

0 

0 

0 

0 

b 

0 

0 

0 

0 

b 

Top of bedrock, d present 

M u  rock type wtth m d i e r s  

Color 

Gram sue 

Degree of sorttng 

Degree of roundmg 

Porosity 
Cement 

Fnabhty 

Composttion 

Bed- and mternal structure 

Fractures and shckensides 

Mosture content 

I 

n *.. 
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6.0 LOGGING 

Tius &on descllbes the field procedures used whde logslng 

It 1s the responslbhty of the 10- personnel to ensure that all of the m a t e d  and equpment 

needed for 1- are at the site 

6.1 LOGGING EQUIPMENT 

The followmg 1s a lrst of equpment that 1s necessary to properly log the d u d  and bedrock 

m a t e d  

Core Reference Set 

AUuwal Reference Set 

Rock-Color Chart 

Lqgplg forms 

Hand lens 

Nos 4, 10,40,200, and 230 sieves (8-mch) mth hd and base 

Sa-faot metal tape measure m tenths of a foot 

Core boxes (2 feet long, 5 columns each 2-1/2 mches mde) (such as, Bow 

Cascade No 17-505 top and bottom) 

Wood blocks (2-1/2 mches x 3/4 mches) for marlung depths and sample locations 

Jars for cuttmgs 

Wentworth and/or Amstrat gram slze charts 

W e  

Aud (10 percent HCl) m sqlllrt bottle 

Water m sqwt bottle 

Black waterproof (permanent) markers and pens 
Protective clothmg and equipment (see Health & Safety Plan) 

I 
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63 

6.2.1 

0 

0 

0 

0 

F l W t  

Hammer 

Chpboard 

Table 

Duct tape 

Paper towels 

Plashc wrap 

Protractor 

Camera (35 mm) wth film (Kodak color patch) 

Flat-bladed screwdriver 

Awl 

Bmocular microscope 

Mortar and pestal 

Hot plate 

Spot plate 

500 ml beakers 

10 ml and 50 ml graduated cylmders 

Watch glass 

CORES AND CUTTINGS 

ScaMIag the Con 

After an mterval of core has been cut and the sampler has been opened, the core d be scanned 

for hazardous and ractoachve contammahon The field use of momtors for the detecbon of volatde 

o r p a  and ractonuchdes IS dwussed m SOPS FO 8, Handl~ng of Dr~ll~ng Flwds and Cuttmgs, 

FO 15, Photoionuahon Detectors (PIDs) and Flame Ioluzahon Detectors (FIDs), and FO 16, Field 

Radolopd Measurements Once the core has been scanned, it WIU be handled m accordance urlth 

U 
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the Health and Safety Plan See Section 6 3, Core Boxes for a dmussion on mlatmg core secbons 

that are suspected of contamng radloacttve and/or hazardous substances 

633 Percent Recovery 

The core should be consohdated m the sampler, measured to the nearest tenth of a foot, and If 
competent, etched wth two parallel h e s  using an awl and a flat-bladed screwdnver The awl h e  

wdl be etched on the left side of the core, for the entlre length of the core The screwdnver h e  

wdl be etched on the right side of the core, for the enwe length of the core These etched h e s  
denote the "up" posihon All competent core wdl be etched wth enough pressure so the h e s  are 

readdy vlsible, but not wth enough pressure so the core's features are obhterated or altered Once 

etched, the core wtll be shd out onto the plastic wrap that has been placed m the core box The 

mterval dded and the mterval recovered wdl be recorded on the 1- form Fqpre GT 1-8 IS 

an example of a completed loggmg form Wood blocks wth footage values marked on them m 
black waterproof mL wdl be placed at each end of each core run Intervals of no recovery should 

be recorded on wooden blocks and placed at appropnate locahons m the core box. If only cut- 

were collected, a representative sample WIII be collected every 2 feet, unless d r h g  rates and/or 

depth constrmts make thls unprachcal m whch case 5-foot samples wdl be collected The EG&G 

project manager wdl determine the collection mterval The samples wdl be placed rn labeled jars 

m the core box. 

If the cores or dd l  cuttmgs are logged at a separate locabon removed from the dd site, the 

follolunng mformahon wdl be recorded on Form GT lB (located on the back of Form GT 1B) 
generaked htholog~c descrtptions, molStuTe content, depth to water table, and all geochemical and 

geoteciuucal sample numbers wth correspndmg sampltng depths Cores and 1- forms wtll 

be dehvered to the remote locabon wthm one day of fiulng each core box. The first four columns 

of the log wdl either be filled out m the field, or the mformatron to properly till out the columns 

wdl be prowded on Form GT 1B 
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6.23 

63.4 

634 

Loggins 

The core or cuttmgs wdl be logged accordmg to all of the procedures previously covered L I ~  ths 

SOP 

Photographing the Core 

Any and all photographmg procedures must conform to plant secmty controls Each box of core 

should be photographed wth a 35 mm camera before it has been logged and sampled If the core [ 
IS photographed at W, the camera wdl have to be cleared and left on ate untd the project IS 

completed In addhon, all of the lilm must be processed by RFR An identdkahon tag and a 

Kodak color patch should appear 111 each photograph The identrficabon tag should contam 

R F E 7 .  

e The well name 

0 Footage values of the core m the box 

The box number and the total number of boxes for that borehole, such as Box 1 I 
of 7 

0 

e Date core was taken 

e Project number 

Samples that are taken for gram slze analyses and permeameter tests should be removed only after 

the core has been logged and photographed At the tune a sample IS taken, a wood block wth the 

followmg mformatnon must be placed 111 the core box at the pomt the sample was removed 
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0 Sample number 

0 Depth 

0 purpose 
0 Date 

0 Company 

Thu dormahon wdl be marked on the wood block wth a black waterproof (permanent) marker 

63 COREBOXES 

The core boxes wdl be slmllar to the boxes dembed m Subsechon 6 1 above Each core box and 

hd d be marked wth the followmg mformation 

Well name 

Depth mterval 

Date 

Project name 

Well site geologut’s mtials 

Logger’s mhals (after 1-g 1s completed) 

Box number and the total number of boxes 

Appropnate hazardous waste labels 

I After samples have been scanned as ducussed m Subsechm 6 2 1, the core wdl be contamenzed 

Racbation and volatde o r p c  analysls (VOA) rea- wdl be wntten on the tops of the core 

boxes Sechons of the core suspected of ant-  ra&oa&ve and/or hazardous substances wrll 

be removed, segregated by then potend contammant charactemahon, and placed m core boxes 

deslgaated for potenhally contammated core The rem- core wd then be placed m separate 

core boxes Wood blocks wdl be placed w h  the core boxes to mdxate the p h o n  where 
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potenmy contammated core sections were removed Blocks wdl be marked unth the mterval of 

the core sechon removed and where the section can be located 

I The core boxes wdl be closed and secured 111 a manner such that core wdl not be dsturbed or 

d o c a t e d  dutrng transportahon Core boxes suspected of contamng low-level rahoactwe 

substances wdl be labeled unth a " m t e  I" rahoactive label Core boxes suspected of con- 

volatde orgmc or mured substances d be labeled unth a Department of Transportahon "Other 

Regulated Matenal Class E" (ORM-E) label (see SOP FO 10, R e c e i q  Labe- and Handl~ng 

Enwonmental M a t e d  Contamers) If the suspected contammahon 1s mlxed substances, the core 

box wdl also be marked wth the words "SUS RAD" for suspected ra&oactm contammahon 

Core boxes suspected of contammg radioactive and/or hazardous substances wdl be stored 111 a 

fadty designated for potenhally contammated core All other core boxes wdl be stored at the mam 

core storage facrltty at & ET5 

7.0 DOCUMENTATION 

A permanent record of the mplementation of tlus SOP wdl be kept by documentrng all dormation 

reqwed by the SOP on the Borehole Log Form (Form GT lA) D d h g  actmhes wdl also be 
documented on the hollow-stem auger or rotary and core drdlmg Field Actmhes Report Forms (see 

SOP GT 2, D d h g  and Samphg Umg Hollow-Stem Auger T e h q u e s ,  and SOP GT 4, Rotary 

Ddmg and Rock C o w )  

The logger wdl p m a d y  be responsible for each aspect and each procedure 
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U S  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GTJA (REV 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number Surface Elevation 
Location - North East Area 
Date Total Depth 
Geologist Company Project No 
Drilling Equip Sample Type 

PAGE - OF- 

LOGGING SUPERVISOR 
APPROVAL DATE 

NOTES General USCS is modified for this log as follows 
Mater& amounts are estimated by % volume instead of % weight 
(1) Badly broken core, accurate footage measurements not possible 
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B1 

UNIFIED SOIL CLASSIE’ICATION SYSTEM 

APPENDIX B 

CHARACTERISTICS OF‘ SOIL GROUPS FERTAINING TG 
RQADS AND AIWIELDS 

Introduction 

1. The properties desired n soi ls  for foundations under rcads 
and air f ie lds  and for base courses under f lexible pavements are. 
quate strength, good compaction characteristics,  adequate drainage, r e -  
sistance t o  fl-ost action i n  areas where f ros t  i s  a factor,  and acceptable 
compression and expansion characteristics. 
if inadequate i n  the so i l s  available, may be supplied by proper construc- 
t ion methods. 
are desirable, but if such materials are not available locally,  adequate 
drainage may be obtained by installing a properly designed water col lect -  
ing  system. 
mediately under the pavement of  a f lexible  pavement structure, are high and 
only good quality materials are acceptable. 
subgrade materials may be canpensated for m many cases by increasing 
the thickness of overlying concrete pvement or o f  base materials i n  
flexible pavement construction. Frcm the foregoing brief discussion, it 

mey be seen +hat the proper design of rcads and a i r f ie ld  pavements requires 
the evaluation of s o i l  properties i n  more deta i l  than i s  possible by use 
o f  tne general s o i l s  classif ication system. However, the grouping of  
s o i l s  in the classif ication system is such that a general indication o f  
their behavior i n  rcad and a i r f ie ld  construction may be obtained. 

ade- 

Cenain of these properties, 

For instance, materials havlng good drainage characterist ics  

Strength requirements for base course materials, t o  be used 101- 

Hmever, law strengths i n  

Features Shawn on Soils  Classification Sheet 

2. General characteristics of the s o i l  groups pertinent t o  r a d s  
and anf ie lds  are presented i n  table B1. Columns 1 through 5 show major 



B2 

I 

soil divisions, group symbols, hatching and color symbols, column 6 gives 
names o f  soil types, column 7 evaluates the performance (strength) of  the 
s o i l  groups when used as subgrade materials that w i l l  not be subject t o  
f r o s t  action,  column 8 and column 9 make a similar evaluetion for the 
soils when used as subbase and base materials; potential  f r o s t  action is 
shown in column 10, compressibility and expansion characterist ics  are 
sham in column 11, column 12 presents drainage character is t ics ,  column 
13 shows types of ccrnpaction equipment that perform sa t i s fac tor i ly  on 
the various s o i l  groups; column 14 shows ranges o f  unit dry weight for 
compacted s o i l s ,  column 15 gives ranges o f  typical  California Bearing 
Ratio (CBR) values, and column 16 gives ranges o f  modulus o f  subgrade 
reaction (k). 
lowing paragraphs. 

The various features presented are discussed i n  the fol-  

Subdivision o f  
coarse-grained s o i l  groups 

3. It w i l l  be noted in column 3 ,  l e t t e r  symbols, that  the basic 
s o i l  groups, GM and SM, have each been subdivided into two groups desig- 
nated by the sufflxes d and u which have been chosen t o  represent desir- 
able and less desirable (undesirable) base materials,  respectively. !Ibis 

subdivision applies t o  roads and a i r f ie lds  only and i s  based on f ie ld  ob- 
servation and laboratory t e s t s  on the behavior o f  the s o i l s  i n  these 
groups. 
index o f  the fraction o f  the s o i l  passing t h e  No. 40 sieve. 
d i s  used when the l i q u l d  l imit  1s 25 or less and the  p las t i c i ty  index 
is 5 or l e s s ;  the suff ix  u i s  used otherwise. Typical symbols for so i l s  
in these groups are GMd and SMu, etc. 

Basis f o r  the subdivision is  t h e  liquid l i m i t  and p las t i c i ty  
The suff ix  

Values o f  soils  as subgrade, 
subbase, or base materials 

4. The descriptions in c o l w  7, 8, and 9 give a general indica- 
t ion  of the su i tab i l i ty  of the s o i l  groups for use as subgades, subbase, 
or base materials, provided they arc not subJect t o  f r o s t  action. 
areas where f ros t  heaving i s  a problem, the value o f  materials as sub- 

grades or subbases w i l l  be reduced, depending on the potential  f rost  
action of the material, as shown in column 10. 

I n  

- Proper design procedures 
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t e s t  values should be used for  t h i s  purpose instead o f  the approximate 
valucs sham i n  the tabulation. 

5. Far wearing surfaces on unsurfaced roads sand-clay-gravel mix- 

tures (GC) are generally considered the most satisfactory.  However, they 

should not contain too large a percentage o f  f ines  and the p l a s t i c i t y  i n -  

dex should be in the range of 5 t o  about 15. 
Potential f r o s t  action 

6. The re la t ive  effects of f ros t  action on the various soil groups 
are  shown in column 10. 

various soil groups two conditions must be present simultaneously before 
frost  action w i l l  be a major consideration. These are a source o f  water 
during the f'reezing period and a suff ic ient  period for  the freezing tem- 
perature t o  penetrate the ground. 
i ce  lenses may become available from a high ground-water table ,  capi l lary  
supply, water held within the soil voids, or through in f i l t ra t ion .  
degree o f  i c e  formation that w i l l  occur i n  any given case i s  markedly in- 
fluenced by environmental factors such as topographic position, s t r a t i f i -  
cation o f  the parent s o i l ,  transit ions into cut sections, l a t e r a l  flow 
of water from side cuts,  localized pockets o f  perched ground water, and 
drainage conditions. 
worst offenders as f a r  as f r o s t  i s  concerned. Coarse-grained materials 
w i t h  l i t t l e  or no fines are affected only s l i g h t l y  if a t  a l l .  
and CH) are subject t o  frost action, but the 103s o f  strength of  such 
materials may not be as great as f o r  s i l t y  soils. 
t a i n i n g  less than three per cent o f  grains f iner  than 0.02 ran i n  diameter 
by weight are generally nonfrost-susceptible. 
soils are encountered in subgrades and f ros t  I s  a definite  problem, two 
acceptable methods o f  design of pavements are available. Either a suf- 

f i c i e n t  depth o f  acceptable granular material is placed over the soils 

t o  prevent freezing in the subgrade and thereby prevent the detrimental 
e f fec ts  o f  f r o s t  action, or a reduced depth o f  granular material is  used, 
thereby allawing freezing in the subgrade, and design i s  based on the 

I n  

Regardless o f  the f ros t  susceptibi l i ty o f  the 

Water necessary for the  formation o f  

The 

In general, the silts and f ine  s i l t y  sands are the 

Clays (CL 

Inorganic soils con- 

Where frost-susceptible 

I 
I 

reduced strength o f  the  subgrade during the frost-melting period. 

many cases appropriate drainage measures t o  prevent the accumulation o f  - 
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UNIFIED SOIL CLASSIFICATION SYSTEM 

APPENDIX B 

CHARACTERISTICS OF SOIL GROWS ERTAINING TG 
ROADS AND AIRFIELDS 

Introduction 

1. The properties deslred m soils for foundations under rcads 

and a i r f ie lds  and for base courses under f lexible pavements are 

quate strength, good compaction characteristics,  adequate drainage, r e -  
sistance t o  frost action i n  areas where f ros t  i s  a factor, and acceptable 

compression and expansion characteristics.  

if inadequate in the so i l s  a v a a b l e ,  may be supplied by proper construc- 

t ion methods. 
are desirable, but if such materials are not available locally,  adequate 

dralnage may be obtained by installing a properly designed water co l lec t -  

i n g  system. Strength requrements for base course materials, t o  be used in-  

mediately under the pavement of  a f lexible  pavement structure, are high and 
only good quality materials are acceptable. Hcwever, low strengths i n  

subgrade materials may be compensated for xn many cases by =creasing 
the thickness o f  overlying concrete pavement or o f  base materials i n  

f lexible  pavement construction. Ran the foregolng brief discussion, it 

mzy be seen +ht the proper design o f  r a d s  and a i r f ie ld  pavements requires 

the evaluation o f  s o i l  properties i n  more deta i l  than i s  possible by use 

of  tne general s o i l s  classif ication system. However, the grouping of  

soils  i n  the c lass i f icat ion system is such that a general indication o f  

them behavior in rcad and a i r f ie ld  construction may be obtained. 

ade- 

Certain of these prorrerties, 

For instance, materials havlng good drainage characterist ics  

Features Shown on Soils  Classification Sheet 

2. General characteristics o f  the s o i l  groups pertinent t o  r a d s  

and a u f i e l d s  are presented i n  table B1. Columns 1 through 5 show major 



should be used i n  situations where this i s  a problem. The coarse-grained 
soils I n  general are the best subgrade, subbase, and base materials. The 
GIJ group has excellent qualit ies  as a subgrade and subbase, and is good 

as base material. 
used for any of the s o i l s  for base courses, it is considered that the 
adjective "excellent" should be used XI reference t o  a high quality 

processed crushed stone. Poorly-graded gravels and some s i l t y  gravels, 
groups GP and GMd, are usually only s l ight ly  l ess  desuable as subgrade 
or subbase materlals, and under favorable conditions may be used as base 
materials for certain conditions, however, poor gradation and other factors 
sacetxnes reduce the value of such soils t o  such extent that they of fer  
only moderate strength and therefore their  value as a base materlal 1s 

l e s s ,  
but are generally poor t o  not suitable as bases. The SP and SMd s o d s  

usually are considered fair t o  good subgrade and subbase materials but 
in general. are poor t o  not suitable f o r  base materials. 
s o i l s  are fair t o  poor subgrade and subbase materials, and are not su i t -  
able for base materials. The fine-grained s o i l s  range f'rcm f a i r  t o  very 
poor subgrade materials as follows: 
f a i r  t o  poor, organic s i l t s ,  lean organic clays, and micaceous or diato- 
maceous soils (OL and MH), poor, f a t  clays and fat  organic clays (CH and 
OH), poor t o  very poor , These qualities are compensated for i n  f lexible  
pavement design by increasing the thickness of overlying base material, 
and in r i g i d  pavement design by increasing the pavement thickness or by 

the addition of  a base course layer. None o f  the fine-grained soils are 
suitable as subbase or base materials. The fibrous organic soils (grocrp 
Pt) are very poor subgrade materials and should be removed wherever pos- 
s ib le ;  otherwise, sFecial  construction measures should be adopted, They 
are not suitable as subbase and base materials, The California Bearing 
Ratio (CER) values shown in column 15 give a relative indication o f  the 
strength of the various s o i l  groups as used in f lexible  pavement design. 
Similarly, values of subgrade modulus (k) i n  column 16 are relative in- 
dications of strengths from plate-bearing t e s t s  as used i n  r i g i d  pavement 
design. As these t e s t s  are used for  the design o f  pavements, actual 

It is  noted that the adjective "excellent" 1s not 

The GMu, G C ,  and SW groups are reasonably good submde materials, 

Thc SMu and S C  

s i l t s  and lean clays (ML and CL), 



t e s t  values should be used for  t h i s  purpose instead o f  the approximate 
values shown i n  t h e  tabulation. 

5. For wearing surfaces on unsurfaced roads sand-clay-gravel m i x -  

tures (GC) are generally considered the most satisfactory.  However, they 
should not contain too large a percentage of f ines  and the p las t i c i ty  i n -  

dex should be in the range o f  5 t o  about 15. 
Potential f r o s t  action 

6. The re la t ive  effects o f  f ros t  action on the various s o i l  groups 
are shown in column 10. Regardless o f  the f ros t  susceptibi l i ty o f  the 
various s o i l  groups two conditions must be present simultaneously before 
f r o s t  action w i l l  be a major consideration. These are a source o f  water 
during the  f’reezlng period and a suff ic ient  period f o r  the  freezing tem- 
perature t o  penetrate the ground. 
i ce  lenses mag become available from a high ground-water table ,  capi l lary  
supply, water held within the s o i l  voids, or through in f i l t ra t ion .  
degree o f  ice formation that w i l l  occur i n  any given case i s  markedly i n -  

fluenced by environmental factors such as topographic position, s t r a t i f i -  
cation o f  the parent soil, transit ions into cut sections, l a t e r a l  flow 
of  water from s i d e  cuts,  localized pockets o f  perched ground water, and 
drainage conditions. 
worst offenders as f a r  as f ros t  is concerned. Coarse-grained materials 
w i t h  little or no f ines  are affected only s l i g h t l y  if a t  a l l .  
and CH) are subdect t o  f r o s t  action, but the 1038 o f  strength of  such 

materials may not be as great as for s i l t y  s o i l s .  

t a i n i n g  l e s s  than three per cent o f  grains f iner  than 0.02 unn i n  diameter 
by weight are generally nonfrost-susceptible. 
s o i l s  are  encountered in  subgrades and f ros t  is a definite  problem, two 

acceptable methods o f  design of pavements are available. Either a suf- 

f i c i e n t  depth o f  acceptable granular material is placed over the soils 

t o  prevent freezing in the subgrade and thereby prevent the detrimental 
e f fec ts  o f  f r o s t  action, or a reduced depth o f  granular material is  used, 
thereby allowing freezing In the subgrade, and design is  based on the 

reduced strength o f  the subgrade during the frost-melting period. I n  
many cases appropriate drainage measures t o  prevent the accumulation o f  

Water necessary f o r  the  formation o f  

The 

In general, the silts and f ine  s i l t y  sands are the 

Clays (CL 

Inorganic s o i l s  con- 

Where frost-susceptible 



water i n  the soil pores w i l l  help t o  d m i n i s h  i ce  segregation i n  the  sub- 

grade and subbase. 
Ccmmesoibility and expansion 

7. These characteristics of s o i l s  may be o f  two types insofar as 
the i r  applicability t o  road and runway design is  concerned. 
i s  the relatively long-term compression or consolidation under the dead 
weight o f  the structure, and the second i s  the short-term ccmprtssion 
and rebound under moving wheel loads .  The long-term consolidation o f  

s o i l s  becomes a factor in design prmari ly  when heavy fills are made on 
compressible soi ls .  
settlement during construction it w i l l  have l i t t l e  influence on the load- 
carrying capacity of the Favement. 
t o  compression and rebound under wheel load are encountered, adequate 
protection m u s t  be pronded, as even small movements o f  this  type soil 
may be detrimental  to the base and wearing course o f  pavements. It i s  
fortunate t h a t  the f’ree-drainmg, coarse-grained soils (GW, GP, SW, and 
SP), which i n  general make the best subgrade and subbase materials, ex- 
h i b i t  almost no tendency tmard Ugh compressibility or expansion. I n  
general, t h e  compressibility o f  soils increases with increasing l i q u i d  

l i m i t .  The foregoing i s  not ccmpletely true, as compressibility i s  also 
mfluenced by s o i l  structure, grain shape, previous loading history, and 
other factors that  are not evaluated in the c lass i f icat ion system. 
desirable compressibility or expansion characteristics may be reduced by 

distribution o f  load through a greater thickness of overlying material. 
This, i n  general, is adequately handled by the CBR method o f  des ign  for 

f l ex ib le  pavements; however, r i g i d  pavements may require the addition of 
an acceptable base course under the pavement. 
Drainage characteristics 

The f i r s t  

If adequate provision i s  made for t h i s  type o f  

However, when e l a s t i c  so i l s  su5ject 

Un- 

8. The drainage characteristics o f  s o i l s  are a direct  ref lect ion 
of t h e i r  permeability. 
use in roads and runways is  shown m column 12. The presence of moisture 
in  base, subbase, and subgrade materlals, except for free-draining, coarse- 
grained s o i l s ,  may cause the development o f  pore water pressures and loss 
of strength. The moisture may come from inf i l t rat ion o f  r a i n  water or by 

The evaluation o f  drainage characteristics for 



~ 1 ~ s ~ t 1 - 6 2 1 4 .  These values are lncluded prlmarily for =dance design 

or control o f  construction should be based on t e s t  resul ts  

GraDhical ?resentation o f  S o i l s  Deta 

10. It i s  customary t o  present the r e s u l t s  o f  s o i l s  explorations 

on d r a m g s  as schematic representations o f  the borings or t e s t  p i t s  or 

on s o d  p r o f i l e s  n t h  the various s o i l s  encountered shown by appropriate 
symbols 

written m the aDpropriate section o f  the  log. 
ing symbols shown in column 4 o f  t a b l e  B1 may be used. 

natural water ccntent o f  fme-grained s o i l s  should be shown along the 

side o f  the log.  

appropriate. 
s o i l  types on maps and d r a w s  is desirable. 

t o  show the major s o i l  groups 1s described in  column 5 o f  table  B1. 

As one approach, the  group l e t t e r  symbol (CL, e tc . )  may be 

As an alternative,  hatch- 
In a d b t i o n ,  the 

Other descriptive abbreviations may be used as deemed 

In c e r t a m  specia l  lnstances the use o f  color t o  dehneate 

A suggested color scheme 



Designation D 422 - 63 (Reapproved 1972)'' f#T! 
Standard Method for 
Particle-Size Analysis of Soils' 

This standard is issued under the f ixed dcslgnation D 422 the number immediatelv followng the designation i nd i c~ la  the war of 
ongrnal adoption or in the case of m s i o n  the war of La m i o n  A number in ptrenlhevs indimta the Year of I l u  mppmvd A 
suprrnpt epsilon (e) indicates an ediiond change unce b e  lur m s o n  or mpproml 

" UoTE--Smion 2 was added editondlv and subuqueni YniOns renumbered in iulv 1984 

1 scope 
1 1 This method covers the quantitauve determination of 

the distnbuuon of  parucle sizes in soils The dstnbution of 
particle sizes larger than 75 pm (retamed on the No 200 
sieve) IS determined bv sievtng, while the dlstnbution of 
particle u z a  smaller than 75 pm is determined by a 
dmentation process. using a hvdrometer to secure the 
necessaTv data (Nota I and 2) 

N O E  I-Sepmtion mav be made on the No 4 (4 75-mm). No 40 
(425ym). or No 200 (75+tm) Sieve instead of the No 10 For whatever 
sieve used the size shall be indicated in the report. 

NOTE 2-Two types of dspernon d m c a  arc provlded (I) a 
higJbspecd mechanical s u m  and (2) mr dspcraon Extmnve invesu- 
gauons indicate that axdispersion d c n c a  product a more posiuve 
&pasion of plastic sotls below the 2Oym sue and appnclably lcss 
dcgradauon on all sues when used mth sandv soik Beoruse of the 
defimte advantages favonng au dspcmon. J ~ S  use IS mommended The 
resulrs from the two types of denm Mer m mpgrutude, depcndrns 
upon sod type, leading to marked d&rences in pamclc sue dsmbu- 
UOIL espcclally for sucs finer than 20 j~m. 

2. Referenced Documents 
2 1 ASTMStandards 
D421 Practice for Dry Prcpamuon of  Soil Samples for 

Pmcle-Size Andvsls and Determinanon of Soil 
Constants' 

E 11 Speafiation for Wire-Cloth Sieves for Tesung 
Purposes' 

E 100 Specification for ASTU Hydrometen' 

3 AppYpm 
3 1 Balances-A balance scmt~ve to 0 01 g for wiglung 

the matenal passing a No 10 (2 00-mm) sew. 3nd a balance 
Sensitive to 0 1 Z of  the m a s  of the sample to be weighed for 
weighing the matenal retamed on a No 10 sieve 

3 2 Stimng Apparatus-Enher apparatus A or 0 may be 
wd 

3 2 1 Apparatus A shall consst of a mechamdlv oper- 
ated stimng device in whxh a srutablv mounted electnc 
motor turn a vcnicsll s M  at a specd of not less than 10 OOO 
rpm wthout load The shaft shall be qmpped mth a 

replaceable stimng paddle made of metal plastic or hard 
rubber as shown in Fig 1 The shaft shall be ot such length 
that the stimng paddle wll operate not less than 3/4 in (19 0 
mm) nor more than I'/z in (38 I mm) above the bottom of 
the dispersion cup A speaal dspcrson cup conforming to 
ather of the designs shown in fig. 2 shall be provided to hold 
the sample while it is being dispersed 

3 2 2 Apparatus B shall consm of an a q e t  dispersion 
cup5 (Note 3) conforming to the general demls shown in Fig 
3 (Notes 4 and 5) 

NOTE 3-The amount of au reqrurcd by an ar-m dupenion cup is 
of the order of 2 ft3/m1n some small a~ compresson are not upablc of 
supplvlng suffiaent Yr to operate a cup 

NOTE 4-hother mr-tvpe dispersion devlct k n o w  as a drspcmon 
tube developed bv Chu and Davldson at Iowa State College has been 
sbown to g~ve ~ s u l t s  equivalent to those secured by the ur-jet d~spersion 
cups When it IS used sollung of the smpk 011 be done in the 
sedunenunon cylinder, thus elnunaang the necd for txansfemng the 
slurry when the au-dspcsIon tu& u uocd lt shll bc so 1ndKated in 
the rrpon 

NOTE 5-Wam may condense in UT h n a  whcn not in use Th~s 
water must be mnovcd atha bv umng a mtc~ uap on the au line. or bv 
Mowng the water out of the lmc before wng ray of the mr for 
duprmon p~rposa 

3 3 Hcdromerer-An A m  hydrometer, graduated to 
r a d  In either speclfic gnvtty of  the suspenslon or grams per 
htrc of  suspension and conformmg to the requirements for 
hydrometers IS I H or 1 SZH in Speaficaaons E 100 Dimen- 
sons of  both hydrometers ye the same, the scale being the 
only item of  chffennce 

3 4 Sedimenranon Cviinder--A glass cylinder asentiallv 
18 in (457 mm) in height and 2% in (63 5 mm) in diameter 
and marked for 3 volume of IO00 mL. The inside hameter 
shall be such that the 1000-mL mafic IS 36 f 2 cm from the 
bottom on the mu& 

3 5  Thermometer-A thermometer accunte to I'F 
(0 5.c) 
3 6 Sieves-A m a  of seves of  square-mesh woven-wire 

40th conforming to the rqutmncnts of Spcclfication E 1 1 
A full set of  sleves includes the follomng (Note 6) 

87 
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n 0 001 0049 0203 H Y. 
m 003 1 2 4  5 16 12 7 19 0 

FIG 1 Detail of Stlrnng h d d W  

NOTE 6-A set of SL~M pvmg d o r m  splang of potnts for tbe 
graph as q u i d  in W o n  17, may k used ddesrcd. h s c t  co~lsts 
of the follwng sews 

>in (7Emm) 
lVNa (37 5-mm) 
Yctn (I9 0-mm) 
Ktn (95-mm) 
No 4 (4 75-mm) 
No 8 (2 36-mm) 

3 7 Waier Bath or Consrani-Temperaiure Room-A 
water bath or constant-temperature room for mammning 
the soil  suspension at a constant temperature dunng the 
hydrometer analvsrs A satsfmory water tank IS an insulated 
tank that manuns  the temperature of the susperrsron at a 
convenient constant tcmpcraturc at or near 68T (20'C) 
Such a devtce 1s illustrated in fig. 4 In OLSCS where the woylc 
is performed in a room at an automaucally controlled 
constant temperature, the water bath IS not nmSSary 

3 8 Beder-A beaker of ZJO-mL capaaty 
39  Timing Device-A watcb or clock wth a second 

hand 

4. Dispersing Agent 
4 1 A soluuon of d u m  hexametaphosphate (someames 

cailed sodium metaphosphate) shall be uscd in Q d e d  or 
demineralrted water, at the rate of 40 g of sodrum 
hexametaphosphate/liue of soluuon (Note 7) 

Nm 7 4 u u o n r  of tlus nk rf 8ad1c rlowly IMR or h y Q o l p  
back 10 the a h O p h O S p h t e  fOnn wth 8 d - 1  dccrrrre 111 bspmVe 
aclion sduuons should k prepued fmptcntly (at kyt once a month) 
or ~ J U S ~ C ~  to pH of 8 or 9 by m a n s  of d u r n  carbonate Bottks 
contaming solutions should have the date of prpuation marked on 
them 

4 2  All water used shall be ather dmlled or 
demineralized water The water for a hvdrometa test shall 

m. 1.3 
mn 33 

2.6 
66 

3 75 
952 

be brought to the tempcranrrr that IS expected to p r e d  
d u n g  the hydrometer test. For example, if the -menta- 
uon cyhnder IS to be placed In the water bath, the dlsulled or 
dermntralued water to be used shall be brought to rbe 
temperature of the controlled water bath, or, d the scdmen- 
tauon cylinder IS uscd m a m m  wth controlled tempera- 
ture, the water for the test shall be at the temperature of the 
mom The bast temperature for the hydrometer test 1s 68'F 
(2O'C) Small vanatlolls of temperature do not introdua 
differences that arc of pracucal significance and do not 
p m n t  the use of c o r n o n s  denved as prcscnbcd 
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Y n s u  

CROSS SEC'ION cw 4 wrmc yvwc 

CROSS SECTION 
CUP 0 

R G  3 kr4et 01spe-m Cups of Apparatus B 

5 Test Sample 
5 1 Prepare the test sample for mechamcal analvsls as 

outlined in Practice D 421 Dunng the prepmuon proce- 
dure the sample IS diwded into fwo portions One poruon 
contans only parucles remned on the No 10 (200-mm) 
sieve while the other portion conmns only pmcles passlng 
the No 10 sieve The m a s  of  a ~ d n e d  sod selected for 
purpose of tests, as prexnbed 111 RaCn~e D421, shall be 
suffiaent to yeld qttanuttcs for mechaxud analyns as 
follows 

5 I 1 The sue o f  the pornon retamed on the No 10 sleve 
shall depend on the -mum suc of  parade. according to 
the followng schedule- 

Nominal Dumercr of 

in (mm) 
H (9 5) 500 
% (190) 1000 

I (254) 2000 
I H  (38 I )  3OOo 
2 (508) 4Ooo 
3 (7621 5ooo 

5 I 2 The sue of the poruon pamng the No 10 sieve shall 
be approximately 1 15 g for sandv sods and approximatelv 65 
g for silt and clay soils 

5 2 Prowsion is made in Secaon 5 of  Pracuce D 421 for 
weighing of  the ardry soil sdccted for purpose of tests the 
Wantion o f  the sod on the No 10 sen by dry-newng and 
washing, and the wghmg of the washed and dned fracuon 
ret;uned on the No 10 scvc From these two masses the 
Percentages rcmned and passlng the No. 10 neve M be 
Qlc~htcd in accordance wth 12.1 

VOTE 8-A check on the mass values and the thoroughnat of 
ml\mz;rtion of the clods mv be secured bv waglung the w o n  
m n g  the No 10 neve andaddmgthas value tothe massof thcwrrhcd 
~ o ~ ~ p o m o n r r w r a a i o a t h e N o .  ~ O s u n  

SIEVE ANALYSIS OF PORTION RETAINED ON NO 10 
(2ooam) SIEVE 

hgcsl  pvucla Approumu Minrmum 
Mas of Pomon. g 

6 hccaiure 
1 Sepzu;ltc the ponion remnul  on the No 10 (2 00- 

mm) Sieve into a Sene of fnctions using the 3-111 (75-mm) 

-E- 
n 7.4 1 3 6% 14 37 
mm 222 254 762 1582 356 940 

RG.4 InsulatodW.trr8.m 

2-in (SO-mm), 1%-in (37 5-mm), I-in (25 0-mm), %-in 
(19 0-mm), %-in (9 5-mm). No 4 (4 75-mm). and No 10 
ueves or as many as rnav be needed depending on the 
sample. or upon the spcaficauons for the matenal under 
test. L 

6 2 Conduct the s m n g  opcrauon by m a n s  of a latenl 
and v m d  moaon of the seve, accompanied by a jamng 
m o n  in order to keep the sample monng conunuouslv over 
the surface of the sleve In no ciue turn or manipulate 
fragments in the sample through the seve bv hand Continue 
uewng unul not more than I mass 95 of the midue on a 
ueve passes that aeve dunng 1 min of sieving. When 
mechanical aewng IS used test the thoroughness of sieving 
by wng the hand method of sicnng as dcscnbed above 

6 3  Determine the mas of u c h  fnction on 3 balance 
conforming to the requirements of 3 1 At the end 0 1  
weighing, the sum of the m;lsxs m n e d  on a11 the s~evcs 
used should equal closelv the ongnal mass of the qudnrirL 
sieved 
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13) DWOMETER A h D  SIET E APJALlSIS OF I'ORTlOh 
PnSSlNG THE NO 10 (2  UU-mm) SIEVE 

7 Determination of Composite Correction for Hydrometer 
Reading 
7 I Equations for p e m q a  of soil nmanrng in suspen- 

sion Y gwen in 14 3 arc b a e d  on the use of dtsulled or 
demincdiud water A drspersing agenr IS used in the water 
however. and the spmfic gravlty of the resulting liquid IS 
apprmablv greater rhan that of &sulled or acminenlizea 
water 

7 1 I Both soil hvdrometen arc calibrated at 68'F (?o'C), 
and variations in tempentux from rhs stanaud tempera- 
ture produce inaccuncla in the actual hvdrometcr radings 
The amount o f  the inaccuracy increases as the vanauon 
from tne standard temperature increases 
7 1 2 Hydrometen are graduated bv the manufacturer to 

be r u d  at the bottom of the menlscus formed bv the hqmd 
on the nem Since it IS not possible to secure ru&ngs of sod 
suspenslom at the bottom o f  the meniscur d n p  must be 
taken at the top and a c o m o n  appiicd 
7 1 3 The net amount of the C O ~ O N  for the thrce 

items enumerated IS demgnated as the composite common. 
and mav be determined urpenmentallv 
7 2 For convenience a p p h  or table of composite 

c o r n o n s  for a xnes of 1' temperature &ffemm for the 
m g e  o f  expectcd test temperjturrs mav be p m  and 
wd as needed. Measumcnt o f  the componte COITCCIIO~S 
m a y  be made at two tempaaturcs spannrng the range of 
urpccttd tesf urn- and c o ~ o n s  for the mtame- 
dme tempaatures calctrlattd assum~ng a suaght-hne da- 
tlonshrp bctwe#1 the two observed Miucs. 
73 Repart lo00 mL of hqrud composed of dtmlled or 

demnrralued water and dxspcmng agent in the same 
propomon as 4 1  p d  UI the &mentanon (hydrometer) 
ten Placc the hqrud in a dmentauon cvdrnder and the 
cylinder in the comt-temperature water bath. set for one 
of the two tcmpcmwres to be wd When the tempmturr of  
the hqud becomes cons tan^ iwn the hvdromcur, and. 
a h r  a short interval to permit the hydrometer 10 come to the 
temper;lrure of the liqrud. rud the hydrometer at the top of 
the men- forma on the stem. For hydrometer I5 1 H the 
compouu common IS the drffcrcnct bcwcn t&s &ng 
and one for hvdrometer l 5 l H  it is the dtffmna betMcn 
the d i n g  and zero Bnng the liqmd and the hvdromesa to 
the other tcmpcnture to be wd and secure the composlu 
COITCMiOn ilf before. 

8. Hygroscopic Mosture 
8 1 When the sample IS waghcd for the hvdrorneter t a  

wagh out an auxdlarv pomon of from 10 to I5 g in P SmaLl 
metal or glass contuner. drv the sample 10 a constant mass in 
an oven at 230 2 9'F ( I  10 2 5'0. and wgh agrun. Rccord 
the m3sw 

9. Drspmloa of Soil Sample 
9 1 When the soil IS m d v  of the cfiv and alt SUCI wet& 

out a sample of a r d w  so11 ~fapppro~im~tteh 50 g. When the 
soil is mostl? und the umple should be approxl~telv 100 
g. 

9 2 Place the smolr  in rhc 25O-rnL b m e - m a  CO~C- w l b  
125 mL of sodium hcumeuonospnaic SOluUon (40 g / ~ )  
Stir ~ n n i  the soli IS thoroughiv w e n d  Allow to soak for 81 
l t v t  16 h 

9 3 At the end of the s d n g  F O d  dspcrse the sample 
funher, usng atha surnng a p p a m ~ ~ ~  A or B If m n g  
appantus A IS used. mnsfer the soil - water sluny from the 
kaka into the speaal drspmion NP shown in Fig 2, 
washing anv -due from the M e r  into the cup wnh 
M e d  or demrnedued wafer (Note 9) Add distdlea or 
deminerslued water if nacsimv, SO th31 tbe cup is mort 
rtran haif fulI Sur for a penoa o i  1 min 

NOTE 9 - ~  lyee 5 ~ e  m n g e  IS a COIIVCOIC~II dmce for hvuiLng the 
warn IO rhe wrstung opnuon Orher b a s  include the wuh-wu~ 
bonk and a hose wnh n d e  connaxed loa prawucd cknrlhf WUQ 

unk 

9 4  If mmng apparatus B (Fig. 3) IS uyd remove the 
cover cap and conncc! the cup to a compressed au supply by 
m u u s  of a rubber hose. A ax gage mun be on the lme 
between the cup and the control valve. Open the control 
valve so that the gage in&uta 1 pa (7 pnssm (Note 
IO) T d e r  the sod - wur slurry h m  the beaker to the 
=-jet dtspaaon cup bv wastung wth dmllcd or 
dermneraiued water Add M e d  or dcrmn&ed water, d 
ncccsary, so thar the total volume in the cup s 250 mL, but 
no more. 

NOTE lO-Thc mad a r p m  of 1 pn IS rrqvvffl~o prrvmt tbc 
soli -M~CT~UXUIC from -tang thc =-)a c h m k r w b a  thc mIxIurr 
atnnsfarrd to tk dspason cup 

95 place thc cover u p  on the cup and open the ar 
control valve untri the gage presswe IS 20 PSI (140 kpar 
DKpasc the SOiI accodlng to the foilowng S c h c c l ~  

IhmnlonRMb 
ann 

5 
10 
1s 

10. HydrometerTest 
10 1 Immedtatciv after drspermon. &er the soil - waur 

slurry to the glys &menmaon cylinder. and add dsulled 
or dcxninerallrcd water untd the total volume IS IO00 mL 

10.2 Usng the palm of the hand o m  tbe opm cnd of the 
qbda (or a rubber-stoppet 10 thc open end), nun the 
cyhder uprde down and badc for a penod of 1 rrrm to 
complete the =-on of the slurry (NOW 11) At the end of 
1 man sa the cyhder in 3 conwnreat locanon and take 
hydmmevr rcadmgs at the follmng intmals of tunc 
( m d  from thc bcgnnrng ofscdrmcnuuon). or as many 
Y may be needed. dqxndang on the siunde or the spcafica- 
uon for the m a a d  under tch L 5. IS. 30 60.30. and 
1440 mn. IftheconPolkd w;uam K wd thesedtmcn- 
tauon cylinder should k placed in the bath bmvccn the 1- 
and 5-man &ngr 

Nm I I-* oymbcT of turns dun- Ibm minute W k 
~pprox~muctv 60 counmg :he turn upwdc don\ and back Y IWO ~WU 
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An\ U I ~  rcmsinln- in the twrtmn or ,kc c tinder d m n c  thc fin few 
1-r.n JWulJ t< l~,,L.F'U I t ILIJicll, -1 J L -  ISC L- II-OL- I \ f l ~ I C  I1 '4 

In the lflvcned position 

IO3 When i f  1s dcsircd to take a hydromerer r u d n g ,  
cycfuily inxn the hvdrometer abour 20 to 25 s before the 
miding IS due to approximately the depth it wll have when 
the r d m g  is taken As soon as the m & n g  IS laken. c l n f d l v  
remove the hvdrometer and place It wth a spinning mouon 
In 3 graduate of clun disulled or demincral~zcd water 

12-It IS imponvrt to remove the hvdromaa irnrnedutcly 
mer uch mdmg Ruchngs shall bc ukcn at the rop of the rnemsCu.5 
romd bv the suspensron around the Rem since I! IS no! pos~ok 10 

10 4 After each reading, take the ternpenrun of the 
suspension bv insening the thermometer into the supen- 
sion 

u 

W n g  ai Xht bonom 01 the rnen1xus 

11 Sieve Adysis  
I1 I After talung the final hvdrometer &ng, transfer 

the suspension to a N o  200 (75ym) sieve and wash with tap 
water unul the wash water IS clear Transfer the matend on 
the No 200 sieve to a suitable contamer drv in an oven at 
330 2 9'F (1 10 ,C 5.C) and make a sieve analv~ts of the 
ponron m n e d  using as manv sieves as dmnd or nqurnd 
for the matmd. or upon the speclfiuuon of the matend 
under test 

CALCULATIONS AND REPORT 

12.  Sieve AnaIysa Values for the Pomon cousCr thur the 

12.1 CaIcuIatc the perantage passng the No. 10 seve by 
dindmg the mass passtag the No 10 neve by the  mas^ o f d  
ongndy spilt on the No. 10 ICW. and rnuluplvlng the result 
bv 100 To obmn the m a s  passlng the NO 10 SICVC, subtract 
the mass rrtYned on the No 10 neve from the ongtnal maSr 

12 2 To secure the total mass of soil pasung the NO 4 
(4  7s-mm) sieve. add to the mass of the m a t e d  pasang the 
No 10 s~eve the m a s  of the fracnon passrng the No 4 slcve 
and rrwlned on the No IO sieve. To scam the total mass of 
sod passing the Jla-111 (9 5-mm) sieve, add to the total mys of 
sod pasang the No 4 sleve. the mass of the f m o n  passng 
the %-in. sieve and rcmned on the No. 4 slew. For the 
rtmvning sieves, conunue the c;licuiaaons in the same 
manner 

12.3 To determine the total percentage p ~ s n g  for uch 
Slew. &vide rhc t o d  mass pasung (see 123) by the to& 
mass of sample and muluply the result by 100. 

NO. 10 (Zoo-mm) Sieve 

13. Hygnxcoprc Moismn Comcaon Factor 
13 1 The hvdroscopic mosture common factor 1s the 

r ~ u o  bctwm the mass of the ovendncd sample and the 
airdry m u  before h n g .  It IS a number less than one. 
wept when there is no hygroscopic momre. 

14 Perceat3qes of Sori in Suspension 
11 I Calcuhte the oven-dn, mass of soil ussd in the 

htdromexer m d v s ~ ~  bv rnultipi\ing the ardry m30 by the 
- h\goscopic moisture cormxion faam 

TABLE 1 values of C a m o n  faaor u for Oiff- smile 
Grav#tirs of Soil PaRiCIcd 

s p s t ~ c  Zravw Gn.ccnm FarwA 

2 95 094 
290 0 95 
2 85 096 
2 80 0.97 
2.75 0 98 
2 70 0.99 
2 65 i o0  
260 101 
2 55 102 
2 50 103 
2 45 1 05 

14 2 Calculare the mas  of a total sample represented b\ 
the m a s  of soil used In the hydrometer tea, by QvlQng the 
ovendm mass used by the percentage paYlng the No 10 
(200-mm) sieve, and muluplwng the mult by 100 This 
value IS the weight W in the equanon for percentage 
remmmng in suspension 

14 3 The percentage of sod remmng In suspcnnon at the 
level at whch the hydrometer D mevunng the demry of the 
suspension rnav be calculated as follows (Note 13) For 
hydrometer 15 1 H. 

P = [( 100 OOO/IV) x C/(G - G,)](R - GI)  
NOTE 13-The bncketed pomon of the equanon for hvdromaer 

l51H IS connant for a y n c s  ofrradrngr and rnav be dcuiad fun and 
then mulnplKd by the pomon in a plrrnrhaa. 
For hydrometer 152H 

where 
a = contctlon facnon to k applied to the f d m g  of 

hydrometer 152H. (Values shown on the scale arc 
computed usmg a speafic gmwy of 265. Comcaon 
factors are g~ven in Table I), 

P = pcrrrntage of  sod remulung 10 suspennon at the level 
at whtch the hydrometer measures the dennry of the 
suspennon 

R = hydrometer d n g  wth componte comcuon a p  
phai (!kaon 7), 

W a ovendry mass of sod u1 a total M sample qxc- 
xnud by mass of sod drJpaxd (rce 142). g, 

G = speafc g n ~ t y  of  the sod parudes and 
G, = speclfic gr;lvlry of the liqwl in whch sod pamda arc 

suspended Use nurncnd value of one in both 
1~ft3nces in the quanon. In the first i n ~ v r c c  mv 
posnble v w u o n  produces no n@iunt effect md 
in the second 1 - a .  the composlu corrccuon for R 
IS based oa a value of  one far GI 

P=(Ru/w)X 100 

15. D~aneter of Sod PYacla 
I5 1 n e  ckunetcx of a w e  corrrspon&ng to the 

parentage indrutcd by a gwca hydroma- M n g  shall be 
calculated accodng to Stokes* law (Note 14). on the b u s  
thax a paruck of thls chncta was 3t the surfact of the 
supamon at the bcgtnning of sabmcnmuon 3nd had senled 
to the levcl at which the hydromcta IS rnGIsunng the densltv 
of the suspcnslon Accordsng to Stoh '  law 

D = ./[30n/980(G Gt)] X Ur 
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N O T I C E  

T H I S  D O C U M E N T  H A S  B E E N  R E P R O D U C E D  

F R O M  T H E  B E S T  C O P Y  F U R N I S H E D  U S  B Y  

T H E  S P O N S O R I N G  A G E N C Y .  A L T H O U G H  IT 

I S  R E C O G N I Z E D  T H A T  C E R T A I N  P O R T I O N S  

A R E  I L L E G I B L E ,  I T  I S  B E I N G  R E L E A S E D  

I N  T H E  I N T E R E S T  O F  MAKING A V A I L A B L E  

A S  MUCH I N F O R M A T I O N  A S  POSSIBLE. 



Preface 

The purpose of this  manual i s  to  describe and explain the use o f  

the "Unified Soil Classificatlon System" i n  order that identification 

o f  s o i l  types w i l l  be on a common basis throughout the agencies using 

th is  system. 

The program of nr l i tary  a z f i e l d  construction undertaken by the 

Department of the Army i n  1941 revealed at an early stage t h a t  exist lng 

s o i l  classifications were not entirely applicable to the work m.cplved. 

I n  1942 the Corps of Engineers tenta t~ve ly  adopted the "Airfield 

Classification" of soils which had been developed by Dr . Arthur 

Casagrande of the Harvard University Graduate School o f  Engineering. 

As a result o f  experience gained since that time, the o r i g b a l  classi- 

f icat ion has been expanded and revised i n  cooperation w i t h  the Bureau 

o f  Reclamation so t h a t  it applies not only t o  airfields but a lso  t o  

embanlanents, foundations, and other engineering features. 

Acknowledgnent i s  made t o  D r .  Arthur Casagrande, Professor c f  

S o i l  Kechanics and Foundation Engineering, Harvard University, for  

permission t o  incorporate in this manual considerable infoneation frcs 

the paper "Classification and Identification of Soils" published i n  

Transactions, American Society of Civil  Engineers, volume 113, 1948. 

This manual was prepared under the direction of the Office, Chief o f  

Engineers, by the Soils Division, Waterways Experbent Station. 
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UNIFED SOIL CLASSIFICATION SYSTEM 

Intrcduction 

Need for a classification system . 
1. The adoption of the princlples of s o i l  mechanics by the engi- 

neering profession has inspired numerous attempts to devise a simple 

classification system that will tell the englneer the properties of a 

given soil. 

ence based on certain properties of soils such as texture, plastlcity, 

strength, end other ckarecterlstlcs. 

gamed fairly n d e  acceptance, but it is seldom that any particular sys- 

As a consequence, many classifications have come mto exist- 

A few classlficatlon systems have 

tea has provided the cclrplete information on a soil that the engineer 

needs. 

judgment and ljersonal experience as modifiers to whatever s o i l  classifl- 

cation system he uses, so that it may be said that there are as many 

classification systems as there are engineers using them. Obviously, 

within a given agcncy, where designs and plans are reviewed by persons 

entirely removed frcm a project, a common basis of soil classification is 

Nearly every engineer who practices soil mechanics w i l l  add 

necessary so that when an engineer classlfies a sol1 as a certain type, 

this classification w i l l  convey to another engineqr not familiar n t h  the 

region the proper characteristics and behavior of the material. Further 

than this, the classification should reflect those behavior characteris- 

tics of the soil that are pertinent to the project under consideration. 

Basis of the unified soil 
classification system 

2. The unified soil Classification system is based on the 
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identif ication o f  s o i l s  according t o  t h e i r  textural  and p l a s t i c i t y  quali- 

t i e s  and on their  grouping with respect t o  behavior. S o i l s  seldom ex is t  i n  

nature separately as sand, gravel, or any other single component, but  

are usually found as mixtures with varying proportions of part ic les  o f  

different sizes; each component par t  contributes i t s  characterist ics  t o  

the soil mixture. The unified soil c lass i f i ca t ion  system is based on 

those characterist ics  o f  the s o i l  tha t  indicate how it w i l l  behave as an 

engineering construction material. 

found most useful for this purpose and form the basis  o f  soil identif ica-  

t ion.  

The following properties have been 

They can be determined by simple t e s t s  and with experience can be 

estimated with some accuracy. 

- a. 

b_. 

- c. 

Percentages o f  gravel, sand, a d  fines ( fraction passing 
No. 200 sieve).  

Shape o f  the grain-size-distribution curve. 

P las t i c i ty  and compressibility characterist ics .  

In ' the  unified s o i l  c lass i f icat ion system the soil i s  given a descriptive 

name and a l e t t e r  symbol indicating i ts  principal characterist ics .  

Purpose and scope o f  manual 

3. It is the purpose o f  #is manual t o  describe the various soil 

groups i n  de ta i l  and t o  discuss the methods of identif ication i n  order 

t h a t  a uniform class i f icat ion procedure may be followed by a l l  who use 

the system. Placement of the soils into their respective groups is 

accomplished by visual examination and laboratory tests as a means of 

basic identification. This procedure is described in the main tex t  of 

t h i s  manual. 

t o  t h e i r  engineering behavior for various types of construction, such as 

The c lass i f icat ion of the Soil8 in these groups aceor- 
- 
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enbankments, foundations, roads, and airfields, i s  treated separately i n  

appendrces hereto which m l l b e  issued as t h e  need arises. It i s  r e c -  

ognized tha-i the unif ied c l z s s i f i c z t i o n  system i n  i t s  preser.t f o m  rray 

not prove e n t i r e l y  adequate i n  all cases. 

t h e  c l a s s i f i c a t l o n  o f  s o i l s  i n  accordance v l t h  t h i s  systen have some de- 

gree o f  elast ici ty,  and t h a t  the system not be followed blmdly nor re- 

However, it 1s intenaed t h a t  

gzrded as completely rigid.  

Definitions o f  s o i l  comoonents 

4. Before s o i l s  can be classified properly i n  any system, includ- 

i n g  t h e  one presentee? i n  t h i s  manual, it i s  necessary t o  establish a 

basic terrmnology fcr the various s o i l  components and t o  define the terns 

used. 

"sand," and " f i n e s  ( s i l t  or 

o f  s o i l  particles. 

into  the groups presented below. 

In t h e  unif led soil  c l a s s i f i c a t i o n  the names "cobbles," "gravel, 

are used t o  designate the s i z e  ranges 

The gravel and sand ranges are further subdivided 

The lirmting boundaries between t h e  
P 

various s i z e  ranges have been arb i t rar i ly  s e t  at certa in  U. S. Standard 

sieve sizes in accordance with the following tabulation: 

Component 

Cobbles 

Gravel 
Coarse G a v e l  
Fine gram1 

Sand 
Coarse sand 
Medium sand 
Fine sand 

Fines (s i l t  or clay) 

Size Range 

Above 3 in. 

3 in .  t o  NO. 4 (4.76 ram) 
3 in.  t o  314 in. 
3/4 in.  t o  No. 4 (4.76 mm) 

No. 4 (4.76 nun) to No. 200 (0.074 ann) 
30. 4 (4.76 m) to NO. 10 (2.0 m) 
No. 10 (2.0 m) t o  No. 40 (0.42 nrm) 
No. 40 (0.42 mm) t o  No. 200 (0.074 mm) 

&LOW NO. a o  (0.074 m) 

- These ranges a??e shown graphically on the grab-size sheet, plate 1. In 
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the finest soil component (below No. 200 sieve) the terms "silt" and 

"clay" are used respectively to distingulsh materials exhibiting lower 

plasticity from those with higher plasticity. The minus No. 200 sieve 

material is "silt" if the liquid llrsit and plasticity index plot below 

the "A" line on the plasticity chart (plate 2), and is "clay" if thc 

liquid limit and plasticity index plot above the "A" line on the chart 

(all Atterberg limits tests based on minus No. 40 sieve fraction of a 

soil). 

and for organic silts, but is not valid for  organic clays since these 

latter soils plot below the "A" line. 

ponents can be used as nouns or adjectives in the name of a soil, as 

explained later. 

I 

I 

The foregoing definition holds for inorganic silts and clays 

The names of the basic soil com- 

The Classification Svstem 

5. A short discussion of the unified soil classification sheet, 

table 1, is presented in order that the succeeding detailed description 

may be more easily understood. 

ally to the identification of soils  regardless of the intended engineer- 

ing uses. 

s 
This sheet is designed to apply gener- 

l 

The first three columns of the classification sheet show the 

major divisions of the classification and the group symbols that distin- 

guish the individual soil types. Names of typical and representative 

soil types found in each group are shown I n  column 4. 
I 

The field proce- 

dures for identifying soils by general characteristics and from perti- 

nent tests and visual observations are sham in column 5. The desired 

I descriptive information for a complete identification of a soil is pre- 

- sented in columa 6. In column 7 art presented the laboratory 
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classif ication c r i t e r i a  by which the various s o i l  groups are identitied 

and distinguished. 

sif>?ng soi ls  frm the results of leborztory t e s t s .  

Table 2 shows en auxiliary schematic method of clas- 

The applicztlon znd 

use of th i s  chart art bscussed i n  greater detall under a suosequenr 

headlng in th i s  manual. 

S o i l  (yrou~s and mom symbols 

6. Major divisions. Soi ls  are primarzly divided into coarse- 

grained s o i l s ,  fme-gralaed s o i l s ,  and highly organic soils. 

tex tura l  basis ,  coarse-grained so i l s  are those that have 50 per cent or 

l e s s  of the constituent material passing the No. 200 sieve, and fine- 

On a 

grained so i l s  are those that have more than 50 per cent passing the 

No. 200 sieve. Highly orgaruc soils are in general readily identified 

by visual exammatian. 

gravel and gravelly s o i l s  (symbol G), and sands and sandy soils (sp- 

b o l  S ) .  Fine-gramed soils are subbvlded on the basis o f  the liquzd 

l m i t ,  smbol L i s  used for soi ls  v l t h  llquld l lmlts  o f  50 and less, 

and symbol H for s o i l s  with liquid linits ZD excess o f  50 ( s e t  plate 2). 

The coarse-grained s o i l s  are subdivided lnto 

f 

Peat and other highly organic soils  are designated by the symbol Pt and 

are not subdivided. 

7 .  Subdivisions, coarse-eained soils. I n  general practlce there 

i s  no clear-cut boundary between gravelly so i l s  and sandy s o i l s ,  and as 

far as behavior is conccmd the exact point of division is re lat ively  un- 

unportant. For purposes of identification, coarse-grained s o i l s  are 

classed as gravels (0) if the greater percentage of the coarse fraction 

(retained on No. 200 sieve) i s  larger than the No. 4 sieve and as sands 

(S)  if the greater portion of the coarse fraction is f iner  than the go. 4 
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sieve. Borderline cases may be classified as belonging t o  both groups. 

The gravel (G) and sand (S)  groups are each divided into four secondary 

groups as fol lows 

- a. Well-graded material with l i t t l e  or  no f ines .  
Groups GW and SW. 

Symbol W. 

b. - Poorly-graded material with l i t t l e  or no fines. 
Groups GP and SP. 

Symbol P. 

- c. Coarse material with nonplastic f i n e s  or  fines w i t h  low 
plastici ty.  Symbol M. Groups CM and SM. 

- d. Coarse material with plastic f ines .  Symbol C. Groups GC 
and sc. 

8. Subdivisions, fine-grained s o i l s .  The fine-grained s o i l s  are 

subdivided l a t o  groups based on whether they have a r e l a t i v e l y  low (L) 

or high (H) l iquid l imit .  These two groups are  f u r t h e r  subdivided as 

follows : 

- a. Inorganic silts and very f i n e  sandy soils, s i l t y  o r  clayey 
fine sands; micaceous and diatomaceous s o i l s ,  elastic 
s i l ts .  Symbol M. Groups ML and MH. 

b. Inorganic c l a y s ,  Symbol C. Groups CL and CEi. 

- c. Organic s i l ts  and clays. Symbol 0. Croups OL and CH. 
0 - 

Discussion o f  Coarse-grained S o i l s  

GI! and SW nroups 

9. These groups comprise well-graded gravelly and sandy s o i l s  

having l i t t l e  or  no nonp-tic fines (less than 5 per cent  passing tbc 

No. 200 sieve). The presence of the fines m u s t  not noticeably change 

the  strength characteristics of the coarse-grained f r a c t i o n  and must not 

i n t e r f e r e  w i t h  its free-draining characteristics. If the  material con- 

- tains less than 5 per cent fines that exhibit plastici ty,  this 
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information should be evaluated and the s o i l  c lass i f i ed  as discussed sub- 

sequently under "Laboratory Identification." 

action, t h e  materiel should not contaln more than about 3 per cezt  o f  

s o i l  grains smaller than 0.02 mm i n  size. Typical examples o f  GW anti SM 

s o i l s  are shown on plate 3. 

In areas sub ject to f ros t  

GP and SP group S 

10. Poorly-graded gravels and sands containing l i t t l e  or no non- 

plastic fines ( less  than 5 per cent passing the No. 200 sieve) are 

classed i n  the GP and SP groups. 

gravels, uniform sands, or  nonuniform mixtures o f  very coarse material 

and very f ine  sand, with intermediate sizes lacking (sametimes called 

skip-graded, gap-graded, or step-graded). 

The materials may be classed as uniform 

The latter group often resul ts  

f rcm borruw excavation in which< gravel and sand layers erne mlxed. If the I 

fine fraction elchibits plasticity, this infannation should be evalu+ad 

and the s o i l  classified as discussed subsequently under "Laboratory 

Identification." 

are sham on plate 4. 

GM and SM moms 

I 

Typical  examples o f  various types of GP and SP s o i l s  

U. In general, the CM and SM groups comprise gravels or sands with 

f ines (more than 121~ per cent passing the NO. 200 sieve) having low or no 

plasticity. The plasticity index and liquid l imit  (based on minus No. 40 

sieve Arrction) of soils in the group should plot below the "A" l ine  on 

* In the preceding two paragraphs soils of the GW, GP, SW, and SP 
groups were defined as having less  than 5 per cent passing the No. 200 
sieve. So i l s  which have between 5 and 12 per cent passing the No. 200 
sieve arc classed as "borderline" and are discussed in paragraph 33 
under that heading. 
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the p l a s t i c i t y  chart.  The gradation o f  the materials i s  not considered 

I s i g n i f i c a n t  and both well- and poorly-graded materials are included. 

Sone o f  t h c  sands and gravels i n  t h i s  group w i l l  have a binder composed 

of natural cementlng agents, so  proportioned thnt  the mixture shcwz ne&- 

l i g i b l e  swelling o r  shrinkage. 'rhus t h e  dry strength o f  such materials 

l i s  provided by a small amount o f  s o i l  binder or by cementation of cal- 

careous material  or =on oxide. The f i n e  f r a c t i o n  o f  other materials  

I i n  the GM and SM groups may be composed o f  s i l t s  or rock flour types 

having l i t t l e  o r  no plast ic i ty  and the mixture w i l l  exhibit no dry 

strength. Typical exa-ples o f  types o f  GM and SM soils are sham cn 

p l a t e  5.  
I GC and SC grouus 

12. I n  general,  - the CC and SC groups comprise gravelly or sendy 
r .c 

soils w i t h  fines (more than 12 per cent passing the  No. 200 sieve) which 

have e i t h e r  low or high plasticity. The p l a s t i c i t y  index and l i q u i d  

I l.$.uit o f  s o i l s  ( f ract ion passing the No. 40 s ieve)  i n  the &roup should 

p l o t  above the "A" l i n e  on the p l a s t i c i t y  chart. The gradation o f  the 

materials is not considered signif icant and both well- and poorly-graded 

materials  are included. The p l a s t i c i t y  o f  the  binder f r a c t i o n  has more 

i n f l u e n c e  on the  behavior of t h e  soils than does variation i n  gradation. 

The f i n e  fraction I s  generally composed of  clays. Typical examples o f  

GC and SC soils are shown on p b t e  6. 

Discussion of Fine-mained Soils 

iIL and ME groups 

- 13. I n  these groups the symbol 14 has been used t o  designate 



denoting low or Ugh liquid U t .  The so i l s  are primsfily inorganic 

clays. Low plasticity  clays ~ s e  classified as CL and arc usually lean 

clays, sandy clays, or s i l t y  clays. The medium and hi@ plasticity 

clays are classifled as a. These include the fat c b p ,  -0 c b y s ,  

9 

predormnantly s i l t y  materials and micaceous or diatomaceous soi ls .  The 

symbols L and H represent low and high l i q u i d  limits, respectively, and 

a~ arbitrery d i v i d m g  line betweeri t h e  two i s  set a t  a l i q u d  limit of 

50. 

or inorganic silts Kith relatively low plasticity.  

loess-type soils and rock flours. kcaceous and diatomaceous s o i l s  

generally fall within the ME group but m y  extend into the ML group 

when their liquid limit i s  less than 50. 

types of kaolin clays and some i l l i t e  clays having relatively low plas- 

The soils  in the ML and MH groups are sandy s i l t s ,  clayey s i l t s ,  

Also included are 

The same i s  true for certain 

t i c i t y .  

on plate 7. 

Typical exax@es of soils in tne  ML and ME groups a r t  sham 
, 

CL and CH LgauDs 

14. - In these groups the symbol C stands for clay, with L and H 

certain volcanic clays, and bentonite. 

United States cover a wide band in the CL and CH groups. 

ples of soils in these groups are shown on plate 8. 

OLanduEgrOup s 

The glacis clays of the northern 

Typical exam- 

15. The so i l s  in the OL and OH groups are characterized by the 

presence of organic matter, hence the symbol 0. 

are classified in these groups. The materials have a plasticity range 

that corresponds w i t h  the ML and ME groups. Typical examples o f  OL and 

OH soils are presented on plate 9. 

organic silts and clays 
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Discussion of Highly Organic S o i l s  

P t  moup 

16. The highly organic soils usually are very compressible and 

have undesirable construction characteristics . 
and are classif ied into one group with the symbol Pt. 

8k18mp s o i l s  with a highly organic texture a r e  t y p i c a l  s o i l s  of the 

group. Particles o f  leaves, grass, branches, or other fibrous vegetable 

matter are common components of these s o i l s .  

They are not subdivided 

Peat, humus, and 

Identification of Soil  Groups 

17. The unified s o i l  c l a s s i f i c a t i o n  is so arranged that most s o i l s  

may be c l a s s i f i e d  into at l e a s t  the three prinary groups (coarse grained, 

fine grained, and highly organic) by means of visual examination and 

simple f i e l d  t e s t s .  

m de by visual examination with some degree r f  success. 

identif ication may be made by means of  labor1 tory t e s t s  on the materials. 

However, in many instances a tentative c l a s s  .ficcition determined in the 

f i e l d  i s  of great benefit  and may be a U  the ider&ificatim that is 

necessary, depending on the purposes for which t h ?  soils .n question are 

t o  be used. Methods of  general identif ication of so i ls  are discussed 

i n  the following paragraphs, and a Laboratory t e s t i n g  procedure is pre- 

sented. 

never entirely  separated. 

by Visual examination, and in borderline cases it nay be necessary to 

Classif ication into the subdivisions can also be 

More positive 4 

It is emphasized that the two methods of identification are 

Certain charactel ist ics  can only be estimated 

- v e r i f y  the c l a s s i f i c a t i o n  by laboratory tes.8.  Conversely, the field 
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methods are e n t u e l y  practical f o r  prelirmnary 

and may be used to advantage i n  groupmg s o i l s  

only a minunun nmber of laboratory t e s t s  need 

laboratory identif ication 

i n  such a manner that 

be run. 

Geaeral Identif ication 

18. Thc easiest way o f  learn- f i e l d  ident i f icat ion o f  soils is 

Without such assistance,  under the guidance of experienced personnel. 

f i e l d  idrntif ication may be learned by systematically comparing the 

numerical t e s t  resul ts  for typical soils in each group w i t h  the "feel" 

of the material while f i e l d  identif ication procedures are being performed. 

Coarse-mined soils 

19. Texture and caaroosition. In field ident i f icat ion of coarse- 
< 

grained materids a dry~sample i s  spread on a flat surface and cxarmntd 

t o  determine gradation, grain size and shape, and mineral composition. 

Considerable experience is required t o  di f ferent iate ,  on the basis of 

a visual  examination, between well-graded and poorly-graded s o i l s  . 
me durability o f  thc gr8ins of a coarse-grained s o i l  may require a 

care- examinetion, depending on the use to  which the soil I s  t o  be 

put. Pebbles and sand grains consisting o f  sound rock are easi ly iden- 

tified. Weathered material is recognized *om i t s  discolorations and 

the relative ease with which the grains can be crushed. Gravels con- 

sisting of weathered granitic rocks, qusrtzite, etc.,  are not necessar- 

i l y  objectionable ?or construction purposes. 

grained soi ls  containing fragments of shaley rock may be unsuitable be- 

cause alternate wetting and dryiq may result in their partial or com- 

plete disintegration. 

r 

on the other hand, coarse- 

Tb%s property caa be ident i f ied by a slaking test. 
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The particles are f irst  thoroughly oven- or sun-dried, then submerged 

i n  water for at l e a s t  24 hours, and f innl ly  t h e i r  strength i s  tested 

and compared w i t h  the original  strength. Some types of shales w i l l  con- 

p le te ly  disintegrate when subjected t o  such a slaking t e s t .  

20. Examination o f  fine fraction. Reference t o  the identif ication 

sheet ( table 1) shows that  c lass i f i ca t ion  criterit  o f  the various coarse- 

I grained s o i l  groups are based on the amount o f  material passing the No. 

200 sieve and t h e  plastici ty characteiistics o f  the binder fraction 

(passing the No. 40 sieve). Various methods may bc used to  estimate the 

percentage of  material passing the No. 20 sieve;  the  choice of method 

w i l l  depend on the s k i l l  o f  the technician, the equipment n t  hand, and 
I 
I 

the time available. One method, decantation, consists  o f  mixing the  

I 
s o i l  w i t h  water in a suitable container and p0urin.g o f f  the turbid m i x -  

ture o f  water and f lue  s o i l ;  successlvo decantatioss w i l l  remove prac- 

t ica l ly  a l l  of the f ines  and leave only the sand and gravel sizes 1 ~ 1  the 

... k i  t '  t 

I 

~ 

container. 

w i l l  give some idea o f  the mount o f  f ines  present. 

od i s  t o  put a mixture of s o i l  and water i n  a test tube, s a k e  it thor- 

A visual  Comparison o f  the residue w i t h  the original  material 

Another useful meth- 
L 

oughly, and al low the mixture t o  stttle.  The coarze 3articles w i l l  f a l l  

t o  the bottom and successively f i r c r  par t i c les  w i l . .  be dep)sited with 

increasing time; the sand sizes all f a l l  out of suspension In  20 t o  30 

seconds. 

I 

I If the assumption i s  made that the s o i l  weight is  proportional 

t o  i t s  volume, this method may ba used t o  estimate the amount o f  f ines  

present. A rough estimate o f  thla moult o f  f ines  may be made by spread- 

ing the sample out on a level su-face and making a visual estimate o f  

the percentage of f ine  particles present. - The p r s e n c e  of fine sand can 



usually be detected by rubblng a sample between the fingers, silt or clay 

particles feel smooth and s t a u  the fmgers, whereas the sand feels grltty 

and dces not  leave a stam. The "teeth test" is sometlrres used for this 

purpose, and consists of blting 8 portion of t h e  smple between the 

teeth. 

stick to the teeth while silt does not. 

Sand feels gritty whereas silt and clay do not;  clay tends to 

If there appears to  be more 

than about 12 per cent of the material passing the No. 200 sieve, the 

sample should be separated as well as possible by hand, or by decanta- 

tion and evaporation, r e m o a  a l l  of the gravel and coarse sand, and 

the characteristics of the fine fraction determined. The binder is 

muted m t h  water and its dry strength and plasticity characteristics are 

exarmned. 

sification sheet, table 1; e-damtion of soils according to dry strength 

Criteria for d r y  strength are shown in column 5 of the clas- 

and plasticity criteria is discussed hi succeeding paragraphs in connec- 

tion with fine-grained soils. Identification of active cementing agents 

other than clay usually is not posslble by visual and manual examination, 

since such agents may require a curing period of days or even weeks. 

the absence of such experience the soils should be classified tentatively 

I n  

into their apparent groups, neglecting any possible development of 

strength because of cementation. 

Fine -mined soils 

21. The principal procedures for field identification of fine- 

grained s o i l s  are the test for dilatancy (reaction to shaking), the 

examination of plasticity characteristics, and the determination of dry 

strength. 

particularly for organic soils. 

In addition, observations of color and odor e& of value, 

Descriptions of the field identification 
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procedures are presented In  the following paragraphs. 

p l a s t i c i t y ,  and dry strength t e s t s  are performed on the fract ion o f  the 

s o i l  f iner  than the 30. 40 sieve. Separation o f  par t i c les  coarser than 

t h e  No. 40 sieve I s  done most expediently i n  the f i e l d  by hand. 

separation by hand probably w i l l  be most effective for  par t i c les  coarser 

than the No. 10 sieve,  

t o  No. 40 fraction but it i s  believed that  any par t i c les  in t h i s  s ize  

range remaining a f t e r  hand separation would have l i t t l e  effect on the 

The dilatancy, 

However, 

Sam effort should be made t o  remove the No. 10 

f ield Identif ication procedures. 

22. Dilatancy. The soil i s  prepared for t e s t  by removing par t i c les  *; 
larger than about the No. 40 sieve size (by hand) and adding enough water, 

if necessary, t o  make the s o i l  s o f t  but not sticky. The pat of moist s o i l  

should have a volume o f  about 1/2 cubic inch. Tbe pat of s o i l  I s  alter- 

nately shaken horizontally in the open palm of one hand, which i s  struck 

- - 'e 

vigorously against the other hand several times, and then squeezed between 

t,&e fingers. 

p l a s t i c i t y  w i l l  become livery and show free water 09 the surface while 

being shaken. 

face and the sample t o  s t i f f e n  and f b a l l y  crumble under increasing 

finger pressure, l i k e  a b r i t t l e  material. 

A fine-grained s o i l  t h a t  i s  nonplastic or exhibits very low 
" 

Squeezing w i l l  cause the.water t o  ~Ssappear f r o p n  the sur- 

If the mter content i s  j u s t  

r ight ,  shaking the broken pieces w i l l  cause them t> liquefy sgsb and 

f l a w  together. A distinction may be made between rapid, alar, or no re- 

action t o  the shdring test, depending on the speed with which the pat 

changes i t s  consistency and the water on the surface appears os' dis- 

appears. Rapid reaction t o  the test I s  typical for nonplsstlc, 

Uniform fine sand, s i l t y  sand (SP, SM),  and Inorganic silts (ML) 



particularly o f  the rock-flour type,  also for  daatomaceous earth (ME). 

The reaction becomes somewhat more sluggish with decreaslng unlfomlty 

o f  gradation ( a d  increase in 2 l a s t l c l t y  up to a certzia d e q e e ) .  

s l ight  content o f  colloidal clay wlll lmpart t o  the sol1 sone p las t i c i ty  

and slow uy materially the reactlon t o  the shaking t e s t .  Soils which 

reac t  in this manner are somewhat plast ic  inorganic and organic s i l t s  

(ML, OL), very lean clays (CL), and some kaolin-type clays (a, MB). 

tremely slow or no reaction t o  the shaking t e s t  i s  characterlstlc o f  all 

typical clays (CL, CH) as well as of highly  plast ic  organic clays (OH). 

Even 2 

EX- 

23. Plas t i c i tv  charzcteristics.  Exammation of the plasticity 

characterist ics  of f ine-sained so i l s  or o f  the f ine fraction of  coarse- 

Parti-  

cles larger than about the No. 40 sieve size are removed (by hand) and a 

specimen o f  s o i l  about the s ize  o f  a 1/2-in. c-be i s  molded t o  the con- 

sistency of putty. 

it 1s sticky, the speclmen should be spread out i n  a t h i n  layer and 

allowed to lose sane moisture by evaporation. 

hand on a smooth surface or between the palms into a thread about l/8 in. 

1n dimeter.  

t h i s  manipulation the moisture content is gradually reduced and the speci- 

4 grained soils  i s  made with a small moist sample of t h e  material. 
f 

If the s o i l  is too d r y ,  water must be added and if 

The sample i s  rolled by 

The thread i s  then folded and rerolled repeatedly. During 

4 men s t i f fens ,  f ina l ly  loses i t s  plast ic i ty ,  and crumbles when the plast ic  

lhit is  reached. Af'ter the thread crumbles, the pieces should be lumped 

together and a slight kneading action continued until the lump crumbles. 

The higher the position o f  a s o i l  above the "A" l ine  on the plast ic i ty  

chart,  plate 2 (CL, a), the s t i f f e r  are the threads as their water con- 

tent  approaches the plast ic  l i m i t  and the tougher are the lumps QS the 
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s o i l  i s  remolded a f t e r  rolling. 

CH) form a medium tough thread (easy t o  r o l l )  as t h e  p las t i c  limit i s  

approached but when the threads are formed into a lump and kneaded below 

the p las t i c  limit, the s o i l  crunbles readlly. 

(ML, MH, OL, OH) form a weak thread and, w i t h  the exception o f  the OH 

S o i l s  s l i g h t l y  above the "A" l ine  (CL, 

S o i l s  below the "A" line 

I s o i l s ,  cannot be lumped together into a wherent mass below the p las t i c  

l imit .  Plast ic  s o i l s  containing organic material or much mica (well 

below the "A" l ine )  form threads that  are very s o f t  and spongy near the 

p las t i c  l i m i t .  The binder fraction o f  coarse-grained s o i l s  may be ex- 

amined in the same manner as fine-grained soils. 

fraction o f  coarse-grained soils w i t h  s i l t y  f ines  (GM, SM) w i l l  exhibit  

In general, the binder 
.# 

plasticity characteristics similar t o  the ML soils, and that o f  coarse- 

grained s o i l s  with c l a p y  fines (CC, SC) w i l l  be s!milar t o  the CL so i l s .  I 

I 24. Dry strenffth. The resistance of a piece of dried soil t o  

crushing by finger pressure i s  an indication of the character o f  the 

fol lo idal  fraction of a so i l .  

than the No. 40 sieve size arc removed from the soil (by hand) and a 

To i n i t i a t e  the test ,  part ic les  larger 
I 

, specimen is molded t o  the con:istency o f  putty, adcLing water if neces- 

I sary. The moist pat o f  s o i l  r s  allowed t o  dry ( i n  oven, sun, or air) 

and i s  then crumbled between the fwers. S o i l s  w i t h  slight dry strength 

crumble readily w i t h  very l i t t l e  finger pressure. A l l  nonphstic ML and 

ME soi ls  have slmost I~L) dry strength. &g&C s i l t s  and lean organic clays 

of low plast fc i ty  (OL), aa w e l l  as very f ine  sandy soils (SM),  have 

s l ight  dry strength. Soi l s  of medium d r y  strength require considerable 

finger pressure t o  powder the sample. Most clays of the CL group emd 

some OH soils exhibit medium dry strength. This is also true of the fine - 
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f r a c t i o n  o f  gravelly and sandy soils h a n n g  a c lay binder (GC and SC). 

Soils w i t h  high &-y strength can be broken but cannot be powdered by 

f inger pressure. 

well 8s some organic clays of the OH group havmg very high l iquid llmits 

and located near the  A-line. 

undisturbed state may be furnished by a cementing material such as cal- 

High dry s t r e n G h  1s icdicztive o f  nost CD c h y s ,  es 

In some instances high dry strength in the 

cim carbonate or iron oxide. 

25. Color. I n  f i e l d  s o i l  surveys color i s  often helpful in dis-  

tmguishinG between various s o i l  strata, and t o  an engineer with suffi- 

c z e x  prelmnnary e a e r i e n c e  u l t h  the l o c a l  s o i l s ,  color may also be 

useful f o r  identifylng individual soils. !he color o f  the  moist s o i l  

should be used i n  ident i f icat ion as s o i l  color may change markedly on 

drylng. 

b 

* 
r: 
4 
4 To the experienced eye certain dark or &ab shades of gray o r  

brown, including almost black colors ,  are indicative o f  fine-grained 

s o i l s  containing organic coUoidal  matter (OL, OH).  I n  contrast ,  brighter 

colors ,  including medium and l i g h t  gray, ol ive green, brown, red, yellow, 

an& white, are generally associated with inorganic s o i l s .  

Munsell s o i l  color charts and plates, prepared for t h e  U. S. Department 

Use o f  the  

o f  Agriculture by the Munsell Color Company, Baltimore, Maryland, is 

suggested m the event more precise s o i l  color descriptions are desired 

or t o  facilitate uniform narmng o f  soil colors. 
< 

26. Odor. Organic soils of the OL and U3 groups usually have a 

dist inct ive  odor which, with experience, can be used as an aid i n  the 

ident i f icat ion o f  such materials.  This odor is especially apparent fxom 

fresh samples. It gradually diminishes on exposure t o  air, but can be 

revived by heat lng a wet sample. 
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Highly organic s o i l s  

27. The f i e l d  identif ication of highly organic soils (group Pt) is 

re la t ive ly  easy inasmuch as these soils are characterizeti by undecayed o r  

par t ia l ly  carbonized part ic les  of leaves, sticks, grass, and other vege- 

table matter which impart t o  the s o i l  a typical fibrous texture. 

color ranges generally from various shades o f  dul l  brown t o  black. 

d is t inc t  organic odor is also  characteristic o f  t h e  soil. 

t e n t  i s  usually very high. 

may be the location o f  the s o i l  w i t h  respect t o  topography: 

swampy areas usually contain highly organic soils. 

The 

A 

The water con- 

Another a id  in identif ication o f  these soils 

low-lying, 

Laboratory Ident l f  ication 

28. The identification o f  s o i l s  in the laboratory is accomplished 
I 

by determining the gradation emd p l a s t i c i t y  characteristics of the mate- 

r ids.  

curve i s  usually plotted as per cent f iner  (or passing) by weight aga ins t  

a logarithmic scale o f  grain size in millimeters. 

The gradation is determined by sieve analysis and a grain-size 

c 
r, 

Plate 1 is a typical 

grain-size chart. P l a s t i c i t y  characteristics are evaluated by means o f  

the liquid and plastic limits tests on the soil f ract ion f i n e r  than the 

No. 40 sieve. A suggested laboratory method o f  identif ication is pre- 

sented schematically in the chart sham as table 2 and i s  discussed in 

the succeeding paragraphs. It should be recognized that  althou@~ a def- 

in l te  procedure for identif ication is outlined on the chart, the labora- 

tory technician engaged in classif ication may be able t o  use "short cuts" 

in h i s  work after he becames thoroughly familiar with the criteria for 

each soil group. 



Ident i f lcat ion o f  malor s o i l  WUDS 

29. Reference t o  the  i d e n t i f i c a t i o n  procedure chart,  table 2, shows 

that the f u s t  ste? in the laboratory identif ication of cs soil IS to 

determine whether it i s  coarse grained, f i n e  gramed, or  highly organic. 

This may be done by visual examination i n  most cases, using the procedures 

outlined f o r  f i e l d  identification. In same borderline cases, as with 

very f i n e  sands or coarse s i l ts ,  It may be necessary t o  screen a repre- 

sentative dry sample over a No. 200 sieve and detennine the  percentage 

passing. Fifty per cent or less passing the No. 200 sieve i d e n t i f i e s  

the s o i l  as coarse grained, and more than 50 per cent identifies the  sol1 

as f i n e  grained. The percentage l i m i t  o f  50 has been selected arbi trar i ly  

SI f o r  convenience i n  identification as it i s  obvious that a numerical dif- 
c 

9; 

ference of 1 .or 2 in this percentage w i l l  make no significant change in 

the behavior of the s o i l .  A f t e r  the major group in which the! s o i l  Selongs 

is established, the identif ication procedure is continued in accordance 

n t h  the proper headings i n  the chart. 

Ident i f icat ion of subgroups, 
coarse-urained s o i l s  

30. Gravels (G) or sands ( S ) .  A complete sieve aaalysis i s  run on 

coarse-grained s o i l s  and the gradation curve I s  plotted on a gram-size 

chart.  For same s o i l s  containing a substantial  amount of fines, it may 

be desirable t o  supplement the sieve analysis with a hydrometer analysis 

i n  order t o  define the gradation cume below the No. 200 sieve size.  Pre- 

liminary identif ication i s  made by determining the percentage o f  materlal 

+a the gravel (above lo. 4 sieve) and sand (No. 4 t o  No. 200 sieve) sizes. 

If there is  a greater percentage of  gravel than sand the material i s  
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classed as gravel (G); if there i s  a greater percentage of sand than 

gravel the material is  classed as sand (S) .  Once again the distinction 

between these groups i s  purely arbitrary for convenience i n  following 

the system. The next identif ication step i s  t o  determine the mount o f  

material passing the No. 200 sieve. 

for gravels and sands, they w i l l  be discussed j o i n t l y  i n  the following 

paragraphs. 

Since the subgroups are the same 

31. GW, SW, GP, and SP ~raups.  These groups comprise nonplastic 

soils havmg less than 5 per cent pass- the No. 200 sieve and in which 

the f ine  fraction does not interfere  with the s o i l s '  free-draining prop- 

eFties.  

shape of  the grain-size curve. Materials that  are well graded are clas- 

s i f i e d  as GW or SW; poorly-graded materials are classified as GP or SP. 

The grain-size distributions o f  well-graded materials generally p lo t  as 

% 

If the above criteria are met, an examination i s  made of  the 

smooth and regular concave cumes with no s izes  lacking or no excess of 

y t e r i a l  i n  any size range (plate 3 ) ;  t h e  uniformity coeff icient  (60 per 

cent grain diameter divided by the 10 per cent grain diameter) of well- 

graded gravels i s  greater than 4, and o f  well-graded sands i s  greater 

than 6. 

> 

In addition, the padation curves should meet the following 

qualification in order t o  be classed as well graded. 

where D30 = main diameter at 30 per cent pass* 

D& - grain diameter at 60 per cent passing 

D1o = grain diameter at 10 p r  cent passing 

The foregoing expression, termed a coef f i c ient  o f  curvature, insures 
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t h a t  the grading curve w i l l  have a concave curvature within re lat lvely  

narrow llroits for  a given D& and D10 cornomnation. A l l  gradatlons not 

rneetlng the foregorng c r l t e r l a  are classed as poorly graded. Thus, 

poorly-graded so i l s  (GP, SP) are those havlng nearly stralght l lne  gra- 

dations (plate 4, f ig ,  1, curve 3), convex gradatlons, nearly vert lcal  

(uniform) gradations (plate 4, f i g .  1, curve l), and gradstion curves 

w i t h  "humps" typical  of skip-graded materials (plate 4*. f i g .  1, curve 2) 

32. GM, SM, GC and SC urou~s.  The soils i n  these groups are com- 

posed o f  those materials havlng more than a 12, pcr cent fraction passing 

the No. 200 sieve; they may or may not exhibit plastici ty.  For identi-  

f icat ion,  the l i q u d  and plastic l imits  t e s t s  are required on the frac-  

t ion f iner  than the NO. 40 sieve. The tests should be run on representa- 

t ive  samples o f  moist material, and not on air- or oven-dried so i l s .  

This precaution is desirable 8s dryins affects the limits values t o  sane 

extent as w i l l  be explained further in the discussion o f  fine-grained 

so i l s .  

below the "A" line on the plas t i c i ty  chart (plate 2) are classed as 

Materials i n  which the l i q y l d  l i m i t  and plast ic i ty  index plot 

GM or  SM (plate 5). Gravels and sands in which the l iquid limit and 

p las t i c i ty  index plot  above the "A" line on the plas t i c i ty  char t  are 

classed as GC or SC (plate 6). 

cation o f  materials in these groups the p las t i c i ty  characteristics 

overshadm the gradation characteristics; therefore, no distinction I s  

It i s  considered that in the identifi-  

made between well -  and poorly-graded materials. 

* I n  the preceding paragraph soils of the GW, GP, SW, and SP groups were 
defined as having less than a 5 per cent fTactlon pass- tht NO. 200 
sieve. 
sieve are classed 8s "borderline" and are discussed in paragraph 33. 

Soils having between 5 and 12 per cent passing the  No. 200 



33. Borderline soils.  Coarse-grained soils containing between 

5 and 128 material passing the No. 200 sieve are classed as b o r d e r l i n e  

and carry a dual symbol, e.g , G'CI-GM. Similarly, coarse-grained soils 

having less than 5$ passing the No. 200 sieve, but which are not free 

draining, or vherein the fine fraction exhibits plasticity,  are also classed 

os borderline and are given o dual symbol. Additional discussion of border- 

I l ine classification i s  presented in parwaphs 38-41. 

Identification o f  sub- 
groups, fine-grained soils 

I 34. Use of plasticity chart. Once the identity of a fine-grained 

soil has been established, further identification is accomplished prin- 

cipally by the liquid and plastic limits tests  in conjunction with the 

plastici ty chart (plate 2). The p1ast;lcity chart was developed by Dr. 

Casagrande as the result of considerable exprience Kith the behavior of 

, 

I 

so i ls  in m a n y  different regions. 

*city index on which i s  iprposed a diagonal Line called the "A" l ine and a 

vertical  l ine at a l iquid limit of 50. 

It i s  a plot of l iquid l imi t  versus plas- 
I 

I The "A" line i s  defined by the 

I equation PI = 0.73 (11620). The "A" line abcve a liquid l imi t  of about 

29 represents an Important empirical boundary between typical. inorganic 

clays (CL and CH), which are generally locatzd above the line, and plastic 

soils containing organic colloids (OL arrd OB) or inorganic s i l ty soils (ML 

and MH). 

clays of low l iqyid l i m i t  (L) from those of high l iqpid l imi t  (H). 

the low part of the chart below a l iqyld Uodt of about 29 and in the 

range of PI f'mm 4 to 7 there i s  considerable overlappl~ of the proper- 

ties of the clayey and s i l t y  s o i l  types. 

I 
I 

~ 

l 

!Che vertical  l ine at liqyld U t  of  50 separates s i l t s  and 

In 

&ace, the separation between - 

I 
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CL and OL or ML s o i l  types in t h s  region i s  accompbshed by a cross-hatched 

zone on the p las t i c i ty  chart between 4 and 7 P I  and above the "A" l ine. 

CL s o i l s  i n  thls r e a o n  are those having a PI above 7 whle OL o r  ML s o i l s  

are those having a PI below 4. 

zone should be classed as borderhne as ducussed later .  The various s o i l  

groups are shown 

Soils  plotting v l t h i n  the cross-hatchec 

the= respective positions on the plastici ty chart. 

I Experience has shown t h a t  compressibility is approximately proportionel t o  

l i q u d  hut and t h a t  s o i l s  having the same l i q u d  limit possess approxi- 

, mately equal compressibility, assuming that other factors are essentially 

the same. On comparlng the physical characteristics o f  so i l s  having the 

I same b q u d  but, one finds t h a t  v l th  increasing plasticity index, the 

I 

I 

i cohesive characteristics -crease and the permeability deaeases.  From 

r plots  o f  the results o f  limits tests on a mxrtber of samples fromthe 

8- fine-grained deposit, it is faund that  for most s o i l s  these p o u t s  

l i e  on a straight Une or  in a narrow band approximately paral le l  t o  

the "A" l ine.  With this background information i n  rmnd, the identifica- 

t i o n  of the various groups of fine-grained s o i l s  i s  discussed in the 

following Fsragraphs. 

35. ML, CL, and OL groups. A s o i l  having 8 Upaid linut o f  l ess  

than 50 fal ls  into the l o w  l iquid  bat (I,) group. A plot o f  the U q u d  

(. Unit and plasticity index on the plasticity chart w i l l  shov whether it 

falls above or below the "A" l ine  and cross-hatched zone. So i l s  plotting 

abuve the "A" Une and cross-hatched zone are classed as CL and are usually 

~ typical inorganic clays (plate 8, f ig .  1). Soils plotting below the "A" 

l i n e  or cross-hatched zone are inorganic silts or very f ine  sandy si l ts ,  

pfL (plate 7, f ig .  l), or  organic s i l ts  or organic silt-clays o f  l o w  - 
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plasticity,  OL (plate 9, f i g .  1). Since two groups f a l l  below the "A" l i n e  

or cross-hatched zone, further ident i f icat ion is necessary. The dist in-  

gushing factor between the ML and OL groups 1s the absence or presence 

o f  organic matter. 

explained i n  the  preceding paragraphs under f i e l d  identification. How- 

ever, i n  doubtful cases a comparison may be made between the liquid and 

plastic l imits  o f  a moist sample and one that has been oven-dried. 

organic s o i l  w i l l  shov a radical drop i n  plast ic i ty  a f t e r  oven-drying 

or air-drying. An inorganic s o i l  w i l l  generally show a change i n  the 

lirmts values o f  only 1 or 2% which may be e i t h e r  an increase or a decrease 

For the foregoing reasons the c lass i f i ca t ion  should be based on the plot 

o f  l imits  values determined before drying. S o i l s  containing organic matter 

generally have lw*er specific gravi t ies  and may have decidedly higher water 

contents than inorganic s o i l s ;  therefore, these properties may be of assist- 

ance i n  identifying oreanic so i l s .  

drganic content may be made by chemical methods, but the procedures j u s t  

described are usually sufficient. 

MA, CH, and OH groups. 

This i s  usually identif ied by color and odor as 

An 

In special cases, the determination of 

36. Soils with a liquid limit greater than 

50 are classed in group H. To identify such soils, the l iquid limit 

and plastici ty indcx values are plotted on the plasticity chart. 

points f a l l  above the  "A" l ine ,  the  s o i l  classifies as CH; if it falls 

below the "A" l ine ,  a determination i s  made as t o  whether or not organic 

material is wesent, as described i n  the  preceding paragraph. Inorganic 

If the 

materials we classed as MET and organic materials are classed as OH. 

Identif ication of  him organic soils 
- 

37. Lltt le  more can be said as t o  the laboratory identif ication of 
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hlghly organic s o i l s  (Pt) than has been stated previously under f i e l d  

identification. 

of color,  texture, and odor Moisture deterrmnations usually show a 

natural water content of several hundred per cent, whlch i s  far i n  ex- 

cess of t h a t  found for most soi ls .  Specific gravit ies  o f  the s o h i s  i n  

These s o i l s  are usually identified r e d l y  on the basis 

these soils may be quite low. 

tested for  l lquid and plastic llmits. 

Some peaty s o i l s  can be remolded and 
" 

Such materials usually have a 

l i q u d  l i r m t  o f  several hundred per cent and fall  well below the "A" 

h n e  on the plasticity chart. 

Borderline classif ications 

38. It i s  inevitable i n  the use o f  the c lass i f icat ion system that  
"- 

s o i l s  w i l l  be encountered that  f a l l  close t o  the boundaries established 

between the various groups. In adbt ion,  boundary zones for  the amount 

of material passing the NO. 200 sieve and for the l o w e r  part of the 

plasticity chart have been incorporated as a part of the system, as 

discussed subsequently. 

soils i s  t o  use a double symbol; for  example, GW-GM. It i s  possible, 

i n  rare instances, for a soil  t o  f a l l  into =re than one bordmline zone 

The accepted rule i n  classifying borderhne 

and, if appropriate symbols were used for  each possible c lass i f icat ion,  

the result would be a multiple desimation consisting o f  three or more 

symbols. This approach i s  unnecessarily complicated and it i s  considered 

2 best t o  use only a double symbol in these cases, selecting the t w o  that  

are believed most r-esentative o f  the probable behavior o f  the so i l .  

In cases of doubt the symbols repesenting the poorer o f  the possible 

groupings should be used. 

39. Coarse-grained soils .  It ~ l l l  be reca l ledthat  i n  previous 
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discussions (paragraph 31) t h e  coarse-grained soils were c lass i f ied i n  

the GI!, GP, SI, and SP goups if they contained less than 5s of material 

passing the No. 200 sieve. Similarly, soi ls  were c lass i f i ed  i n  t h e  Gll, 

GC, SM, and SC groups if they had more than l2$ passing t h e  No. 200 sieve 

(paragraph 32). The range between 5 and 125 passing the no. 200 seive is 

designated as borderline, and soils f a l l i n g  within it are assigned a double 

symbol depending onboth the  gradation characteristics of the  coarse 

fraction and t h e  plasticity characteristics o f  the minus No. 40 sieve 

fraction. 

200 sieve and with LL = 28 and PI = 9 would be designated as SII-SC. 

Another type of borderline c lass i f i ca t ion  occurs for  those s o i l s  containing 

ameciable amounts o f  f ines ,  groups GM, GC, SM, and SC, and whose 

Atterberg liPaits values p lo t  in the lower prut;lon of the plasticity chart. 

The method o f  classifying these soils is the  seune as for fine-grained 

For example, a well-graded sandy soil with 8s passing the  No. 

soils plott ing in the same region, as presented i n  the  following paragraph. 

& 40. Fine-grained soils. Mention has been made o f  a zone on the 

plasticity chart (plate 2) below a liquid Umit of about 29 and ranging 

between plasticity index values of 4 and 7. 

low plasticity plot  in this eeneral region on the plasticity chart and no 

def ini te  boundary between s i l t y  and clayey soils exists. 

grained soil, ep.oups CL and MI,, or the  minus No. 40 sieve f i a c t i o a  of a 

coarse-grained soil, groups GMt GC, SM, and Se, plots within the croos- 

hatched zone on the plasticity chart, a double symbol (ML-CL, etc.) i s  used. 

Several soil types exhibitin8 

Thus, if a fine-  

41. "Silty" and "clayey. " It w i l l  be n)ted on the c lass i f i ca t ion  

sheet, table 1, that  the adjectives "silty" and "clayey" may be used as 

part of the descriptive name for s i l t  or clay soils. - 
Since the 
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defixntions of these terms are n o w  somewhat different from tbose used by 

many soils engmeers, it i s  considered advisable to discuss the- connota- 

t i o n  as use& 1s t h s  system I n  the unified s o i l  classification the terms 

" s i l t "  and "clay" are  used to  descrlbe those so~ls with Atterberg hmits 

plotting respectively below and above the "A" line and cross-hatched zone 

on the plasticity chart. 

"si l ty"  and "clayey" may be used as adjectives in the s o i l  names when the 

hrmts values plot close to the "A" line. 

LL, = 40 and PI = 16 may be cal led a s i l t y  clay. 

"si l ty"  i s  not apphed to clay soils having a l i q u i d  limit in excess of 

As a logical extension of this concept, the terms 

For example, a clay sol1 with 

In general, the adJective 

about 60. 

I Expansion of Classification 

42. It may be necessary, in some cases, to expand the unified clas- 

sification system by subdivision of exlsting -ups in order t o  classify 

soils for a particular use. 

discouraged end careful study should be given any soil  group before such 

a step i s  adopted. In all cases subdivisions should be designated pref- 

erably by a suffix to an existing group symbol. 

selected carerully so that there w i l l  be no confusion with adsting let-  

The Indiscriminate use of subdivisions is 

The suifix should be 

$. ters that already have meanings in the classiiication system. In each 

case where an exlsting group I s  subdivided, the basis and criteria for 

the subdivision should be explained in order that anyone unfamiliar with 

It may understand the eubdlYlslon properly. 

i 



Descriptive S o i l  Classif ication 

43. A t  many stages in the soils investlgation o f  8 project  -- 
from t h e  prellminary boring l o g  t o  the final report -- the engineer 

finds it convenient t o  give the s o i l s  he i s  working with a "nBuLe" rather 

than an "impersonal" classif ication symbol such a b  GC, This results 

primarily fran the  fact that he is accustomed t o  talking in tenns o f  

gravels, sands, s i l t s ,  and clays, and finds it only log ica l  to use these 

same names in presenting the data. The soil names have been associated 

w i t h  certain grain s izes  in the textural  c lass i f icat ion as shown on the 

grain-size chart,  plate  1. 

t h e  coarse-grained soils; however, the use o f  such terms as s i l t  and 

clay may be ent ire ly  misleading on a textural,,basis. For this reason 

the tenns "silt" and "clay" have been define& on a plasticity basis as 

- 
%' 

Such a division is generally feasible for  

+ - . .  d 

discussed previously. Within a given region o f  the country, use o f  a 

n b e  c lass i f icat ion based on texture is often feasible since the general 

behavior o f  similar soils i s  consistentpver the area. However, i n  

another area the same class i f icat ion may be er-',irely inadequate, 

descriptive c lass i f i ca t ion ,  if used intelllgen,ly,  has a rightful place 

The 

i n  s o i l  mechanics, but i t s  use should be carefully evaluated by a l l  

concerned. 

Description from c lass i f i ca t ion  sheet  

44. Column 4 of the c lass i f i ca t ion  sheet, a b l e  1, l ists  typical 

names given the soil types usually found within the various c lass i f i ca t ion  

groups, 

cedure and determining the proper c lass i f i ca t ion  group In  which the soil 

By following either the f i e l d  or laboratory investigation pro- 
- 



belongs,  it i s  usual ly  an 

the  c l a s s i f i c a t i o n  sheet .  

erly nvned by ocly  v i s a 1  

appropriate on the  use o f  

29 
- 

easy matter t o  s e l e c t  an appropriate name from 

Some soils mey be readily i d e n t i f l e d  zr?d prop- 

inspection. 

the c l a s s l t l c a t l o n  system for c e r t a l o  soils 

A word of caution 1s  consAccreE 

such as marls, c a l i c h e s ,  c o r a l ,  sha le ,  e t c . ,  where the  graln  size can 

vary mdely dependmg on the  amount of mechanical breakdown o f  sol1 par- 

t ic les .  

s i g n i f i c a n c e  and the l o c a l l y  used nvne may be important. 

Other descr ipt ive  terms 

For these  soils the  group symbol and textural name have l i t t l e  

45. Records of f l e l d  exploratlons In the  form of boring logs cen 

be of great benef i t  t o  the  englneer if they  include adequate informatlon. 

I I n  addit ion t o  the  group symbol and the  name o f  the  soil, the  general 

c h a r a c t e r i s t i c s  o f  the  soils as t o  plasticity, s trength,  moisture, e t c . ,  

provide infoxmetion e s s e n t i a l  t o  a proper analysis of a particular prob- 

lem. 

data t o  l o c a l b l d d e r s ,  and t o  protec t  the Government a6ainst l a t e r  l e g a l  

claims. 

composition, shape of grains ,  and character  o f  t h e  binder are relevant 

fea tures .  

characteristics are zmportant. 

c h a r a c t e r i s t i c s  as s t r a t i f i c a t i o n ,  s t ruc ture ,  consistency i n  the undis- 

turbed and remolded states, cementatlon, drainage, etc., are pertinent 

t o  the  descr ipt ive  c l a s s i f i c a t i o n .  Per t inent  items t o  be used in de- 

s c r i b i n g  soils  a r e  shown i n  column 6 o f  table l. In ordei t o  achieve 

uniformity i n  est imating consistency o f  soils, it is recommended t h a t  

the Terzaghi c l a s s i f i c a t i o n  based on unconfined ccunpressive strength be 

Locally accepted s o i l  names should also be used t o  c l a r i f y  the 

For coarse-grained soils, t h e  s i z e  o f  particles, mineralogical 

For fine-grained soils, strength,  moisture, and p l a s t i c i t y  

When descr ibing undisturbed solls such 
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used as a tentative standard. This c l a s s i f i c a t i o n  i s  given below: 

Unconfined Compressive Strength 
Tons/Sq F t  Consistency 

< 0.25 Very soft  

0 a 2 5  -0 50 

0.50-1 .OO Medium 

Soft 

I 1.00-2.00 S t i f f  

> 4.00 Hard 

Several examples of descriptive c l a s s i f i c a t i o n s  are shown below: 

C.  - 
d e  - 

Uniform, fine, clean sand with rounded grains (SP). 

Well-graded gravelly s i l t y  sand, angular chert gravel, 
1/2-ine maximum size;  s i l t y  binder with l o w  p l a s t i c i t y ,  
weU-campacted and moist (SM) . 
Light brown, fine, sandy silt;  very low p l a s t i c i t y ;  satu- 
rated and s o f t  in the undisturbed state  (ML). 

/-- 

Dark gray, fat chy; stiff i n  the undisturbed state; s o f t  
and s t i c k y  when remolded ( C H )  . 

i 
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' BIG= ORGANIC SOIIS 

Fibrous texture, color, odor, 
very high moisture content, 
particles OS vegetable mat- 
ter (sticks, leaves,  etc ) 

(pt) 
7 COARSE G i i  

504 or less pass L-1- 

GIWVEL ( G )  
Greater percentage o f  coarse fraction 

I Examine gain 
mite curve I 
I 

I 

I 

I ,  
Wel l  Poorly 

waded graded 
r . 3 

Gv CP 
. 

Betmn 5s and 12% 
pass No. 200 sieve No. 200 s ieve  

More than 12% pass 

I I 

doLble syabol appro- 
priate to Wading and 
plasticity character- fraction 

Hate. Sieve sizes are 0. S. Standsrd. 

If fines interfere w i t h  free draining properties use double symbol such as CY-CM, etc.  

021260-B 

3a-A 



Table 2 
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AUXILIARY M O R A T O R Y  IDENTIFICATION PROCEDURE 

I 

Hake v-saal  e x z i n a t i o n  o f  so-l :o ceter=,ne wket'ie- At 
is  nIG=:iY O X d r i C ,  COARSE GiLkIIiE3, Oil TINE G h I E 2  In 

borderline cases  determine amount passiig No 200 sieve 

I 
I 

I RSZ GRAINED 

pass No. 203 sieve 

ieve analysis I 

1 

I 

less than 5s pass More than 1 4  pass 

I t  I I 

Sorderline, t o  have 
double symbol appro- 

p l a s t i c i t y  charec ter -  
i S t i C S ,  e.g SV-SM 

I I 

. I I 
Well Poorly 

gadtd graded - 

SI SP 

hatched zone on 

r 
Below "A" 1 
hatched zor 

Color, odcr, 
LL. and PL on 

S C l l  

tc  1 3%- B 
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Run U and PL on minus No 40 s ieve  
mater la1  

L 

I 

1 L 1 
I I L q u i d  limit l e s s  than 

so 

9 - 1 0 ~  "A" l i n e  or 

I ~ 1 I Liaits plot  in--] 
itched zone on hatched zone on 
. a s t i c i t y  c h a r t  p l a s t i c i t y  c h a r t  

or,  odcr, possibly 
and PI. on w e n  dry 

soil 

I 
I 1 

I I 
rganic inorganic 

OL ML 
J 

r 

i 

1 

I Above nA'A" line and I hatched zone on 
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' c h a r t  I 

I 

I B I 
I ILlquid llmit greater  than 

50 

i 1 
Below "A" l i n e  Above "A" line 
on p l a s t i c i t y  on p l a s t i c i t y  

chart chart . 
I r 

Color, odor, possibly 
LL and PL on wen dry 

soil 
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UNIFIED SOIL CLASSIFICATION SYSTEM 

APPENDIX A 

CHARACTERISTICS OF SOIL GROUPS PERTAINING TO 

-S AND FOUNDATIONS 

Introduction 

1. The major properties o f  a s o i l  proposed for  use in an embank- 

ment or foundation t h a t  are of concern t o  the design or construction 

engineer are i t s  strength, permeability, and consolidation and compaction 

characteristics.  Other features may be investigated for  a specif ic  prob- 

lem, but i n  general sorne or all o f  the properties mentioned above are of  

primary ‘importance in an earth  embadanent or foundation pso3ect o f  any 

magnitude. It i s  common practice t o  evaluate the properties o f  the so i l s  

i n  question by means o f  laboratory o r  f i e l d  t e s t s  and t o  use the results 

o f  such t e s t s  as a basis for  design and construction. 

influence strength, consolidation, and other characterist ics  are numerous 

and some of them are not completely understood; consequently, it i s  un- 

practical t o  evaluate these features by means o f  a general soils c las-  

sif ication.  However, the soil groups in a given c28ssiflcstion do have 

reasonably similar behavior characteristics, and while such information 

i s  not sufficient for design purposes, it w i l l  zlve the engineer a? indi- 

cation of the behavior of a s o i l  when used as a component in construction. 

This i s  especially true in the preliminary examiaatxon for a project when 

neither timt nor money for a detailed s o i l s  test ing program is  available. 

The factors t h a t  

2. It should be borne i n  mind by engineers using the classification 
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that only generalized characteristics of the soil groups are Included 

therein, and they should be used primarily as a guide and not as the com- 

plete answer to a problem For exanple, it i s  possible to design and 

construct an earth embankment of almost any type of soil and upon prac- 

tically any foundation; this is in accordance with the worth-whlle prin- 

ciple of utilizing the materials available for construction. However, 

when a choice of materials is possible, certain of the available soils 

may be better suited to the job than others. It is on this basis that 

the behavior characteristics of soils are presented in the following para- 

graphs 8nd on the classification sheet. 

to be put is often the principal deciding factor in the selection of soil 

types as well as the type of protective measures that w i l l  be utilized. 

Since each structure is a special problem within itself, it i s  impossible 

to cover all possible considerations i n  the brief description of perti- 

nent soil characteristics contained in this appendix. 

The use to which a structure i s  
u 

.. 
Features Shown on Soils Classification Sheet 

3. General characteristics of the soil groups pertinent to em- 

bankments and foundations are presented in table Al. Columns 1 through 

5 of the table show major soil divisions, group symbols, and hatching 

and color symbols; names of soil types are given in column 6. 

features are the same as those presented In the soils classification 

nianual. Columns 7 through 12 show the following: column 7, suitability 

The basic 

of the materials for use in embankments (strength and permeability char- 

acteristics); column 8, the minimum or range of permeability values to 

- be expected for the soil groups; columns 9 and 10, general compaction 



characterist lcs ;  column 11, the sul tabl l i ty  of the soils for  foundations 

(strength and consolidation); and column 12, the requirements for  seep- 

age control, especielly wher? the s o l l s  are encountered i n  the foundation 

f o r  earth embankments (permeability). Br ie f  tbscussions o f  these fea-  

tures are presented in the f o l l m n g  paregraphs. 

Suitabil i ty o f  s o i l s  f o r  enibankments 

4. Three major factors that influence the suitabil i ty o f  s o i l s  

for  use in embankments are permeability, strength, and ease o f  compac- 

tion. The gravelly and sandy so i l s  with l i t t l e  or  no f ines ,  groups GIJ, 

GP, SW, and SP, are stable,  pervious, end attaln good compsction w l t f i  

crawler-type tractors and rubber-tired rol lers .  

rials may not be quite as desirable as those which are well graded, but 

all of the materials are suitable for use in the pervious sections of 

esrth embankments. Poorly-graded sands (SP) may be more difficult t o  

The poorly-graded mate- 

u t i l i z e  and, i n  general, should have f l e t t c r  embankment slopes than the 

SIJ soils. The gravels and sands w i t h  f ines ,  groups GN, GC, SM, and SC, 

have variable characterist ics  depending on the nature of the f ine  frac- 

t ion  and the gradation of the entire sample. These materials are often 

suff ic ient ly  impervious and stable t o  be used f o r  impervious sections o f  

embankments. The s o i l s  i n  these groups should be carefully examineiL t o  

insure that they are properly zoned with relation t o  other materials i n  

an embankment. O f  t h e  fine-mained soils, the CL group I s  best adapted 
I 

f o r  embanbent construction; the so i l s  are impervious, fairly stable,  

and give fair t o  good compaction with a sheepsfoot roller or rubber- 

t i r e d  roller. The ME s o i l s ,  while not desirable f o r  rolled-fill construc- 

tion, may be utilized i n  the core o f  hydraulic-fil l  structures. Soi ls  o f  
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the ML group m y  or may not have good compaction characteristics, and in 

general must be closely controlled in the field to secure zhe dzsired 

strength. 

have detriaental shrinkagp characteristics which may necessitate blzn- 

CH soils have fair stability when used on flat slopes but 

keting them or incorporating them in thin interior cores of embankments. 

Soils containing organic matter, groups OL, OH, and Pt, are not commonly 

used for embardanent construction because of the detrimentcl effects of 

the organic matter present. Such materials may often be utilized to ad- 

vantage in blankets and stability berms where strength is not of -or- 

tance. 

Permeability and seepage control 
d 

5. Since the permeability (column 8) and requirements for seepage 

control (column 12) are essentially functions of the same property of a 

soil, they will be discussed jointly. The subject of seepage in rela- 

tion to embadments and foundations may be roughly divided into three 

cdegories: (1) seepage through embankments; (2) seepage through founda- 

tions; and (3) control of uplift pressures. These are discussed in re- 

lation to the soil groups in the following paragraphs. 

6. 7 In the control of seepage through 
embankments, it is the relative permeability of adjacent materials rathcr 

than the actual permeability o f  such soils that governs their use in a 

given location. 

quantity of seepage through it is largely governed by the use to which 

I An earth embankment is not watertight and the allowable 

the structure is put; for example, in a flood-control project consider- 

able seepage may be allowed and the structure 1,511 still fulfill the stor- 

age requirements, whereas for an irrigation project much less seepage is - 

I 
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allowable because pool levels  must be-maintained. 

s o i l s  (GM, GC, SM, S C ,  CL, ME, and C H )  may be used i n  core section> o r  i n  

homogeneous embankments t o  retard the  flow of water. Where it 1s i q o r -  

tant  t h a t  seepage not emerge on the downstream slope or the possibility 

The more impemlous 

! of drawdown exis ts  on upstream slopes, more pervious materials are usual- 

l y  placed on the outer slopes. The coarse-grained, free-drailung s o l l s  

(GW, GP, SW, SP) are best suited for  th i s  purpose. Where a variety o f  

, materials i s  available they are usually graded from l eas t  pervious t o  

more pervious from the center o f  the embankment outward. Care should be 

in the embankment t o  prevent piping 

The foregoing statenients do not preclude the use 03 

I used in the amangelrent of materials 

I 
within the section. 

other arrangements of materials m embankments. 
4 

Dams have been con- 
I I 

I structed successfully entirely of sand (SW,  Se, SM) or of s i l t  (ML) with 

I 
t h e  section made large enough t o  reduce seepage t o  an allowable value 

n t h o u t  the use o f  an Wervious core. Coarse-grained soils are often 

used in drains and toe sections t o  co l lec t  seepage water in downstream 

sections of embaakments. The so i l s  used w i l l  depend largely upon the 

material t h a t  they drain; in general, free-draining sands (SU, SP) or 

I 

! gravels (GW, 8) are  preferred, but a s i l t y  sand (SM) may effectively 

drain a clay (CL, CH) and be entirely satisfactory. 

7. Seepage through foundations. As in the c&sc of embankments, 
* 

t h e  use of the  structare involved often determines t h e  amount of seepage 

control necessary i n  foundations. 

of water through a pervious foundation would not constitute an excessive 

water loss and no seepage control measures would be necessary if adequate 

provisions were made against piping in critical areas. 

Cases could be cited where the flow 

If seepage control - 
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l is desired, then the more pervious s o i l s  are the soils i n  whlch necessary 

measures must be taken. 

carrying considerable quantities o f  water, and some means of positlve 

control such as a cutoff trench may be necessary. 

may be controlled by a cutoff or by an upstream impervious blanket. 

\mile a drainage trench at t h e  downstream toe or a l i n e  o f  r e l i e f  wells 

w i l l  not reduce t h e  amount of seepage, e i ther  w i l l  serve t o  control seep- 

age and route the flow into col lector  systems where it can be led away 

harmlessly. 

s i l t y  sands (SM), or s i l t s  (ML), may require a minor amount of seepage 

control such as t h a t  afforded by a t o e  trench, or  if they are suff icient-  

ly impervious no control may be necessary. 

s o i l s  (GC, SC, CL, OL, MH, CH, and OH) usually pass such a small volume 

o f  water t h a t  seepage control measures are not necessary. 

Free-draining gravels (GW, GP) are capable o f  

I 
C lean  sands (SW, SP) 

, 

I 

I 

S l ightly less  pervious material, such as s i l t y  gravels (CM), 
I 

, * 

~ 

The re la t ive ly  impervious 

8. Control of u p l i f t  pressures. The problem of control o f  upl i f t  
~ 

I pressures i s  directly associated w i t h  pervious foundatlon soils. Uplift 

pressures may be reduced by lengthening the path o f  seepage (by a cutoff 
~ 

or  upstream blanket) or by measures for pressure r e l i e f  i n  the form of 

wells,  drainage trenches, drainage blankets, or pervious downstream 

shel ls .  

aforementioned procedures; however, t o  obtain the desired pressure r e l i e f ,  

the use o f  a positive cutoff  may be preferred, as blanket, well, or trench 

instal lat ions would probably have to be too extensive for economical ac- 

complishment o f  the desired results .  

generally less permeable than the gravels and, consequently, t h e  volume 

of water t h a t  must be controlled for pressure r e l i e f  i s  usually less. 

I 

I 

Free-draining gravels (GW, GP) may be treated by any o f  the i 

Free-draining sands (SW, SP) are 

- 
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Therefore a posxtlve cutoff may not be required and an upstream blanket, 

wells, o r  a toe  trench may be e n t l r e l y  e f f e c t i v e .  

bination of blanket and trench o r  wells m y  be desirable.  

s i l t y  gravels (GM), s i l t y  sands (SM) ,  and s i l ts  (ML) -- usually do not 

require extensive treatment; R t o e  dralnage trench o r  well system may be 

sufficient t o  reduce u p l i f t  pressures. 

r ials  may not be permeable enough t o  permit dangerous upl i f t  pressures 

t o  develop and i n  such cases no treatment is  indicated. In general, the 

more impervious soils (GC, SC, CL, OL, MH, CH, and OH) require no treat- 

ment for control of u p l i f t p r e s s u r e s .  

tance when they occur as a r e l a t i v e l y  t h i n  top stratum over more pervious 

materials. 

the  base o f  the impervious tap stratum can cause heaving and formation o f  

b o i l s ;  treatment of the lower layer by some o f  t h e  methods mentioned 

above 1s usually indicated i n  these cases. 

t r o l  o f  u p l i f t  pressures should not be applled indiscriminately j u s t  be- 

cause certaln types of soils are encountered. 

I n  some cases a com- 

S i l t y  solls -- 

The more impervious s i l t y  mate- 

However, they do assume impor- 

, I  

* 
I In such cases uplift  pressures in the lower layers acting on 

c 

It i s  emphasized t h a t  con- 

Rather, the  use of control 

measures should be based upon a careful evaluation o f  conditions t h s t  do 

o r  can exist, and an economical solution reached t h a t  w i l l  accomplish 

the  desired results. 

- Compaction characteristlcs 

9. In column 9 o f  the table  are shown t h e  general compaction char- 

a c t e r i s t i c s  of the various soil groups. 

equipment l isted are based on average f i e l d  conditions where proper 

moisture control and thickness o f  lift are attained and a reasonable num- 

ber o f  passes o f  the compaction equipmnt 1s required t o  secure the 

The evaluations given and the 

- 
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desired density. For lift construction o f  embankments, the sheepsfoot 

r o l l e r  and rubber-tired r o l l e r  are commonly used pieces o f  equipment. 

Sone hdvantages may be claimed f o r  t h e  sheepsfoot r o l l e r  i n  t h a t  it 

leaves a rough surface that  affords bet ter  bond between l i f t s ,  and it 

kneads the s o i l  thus affording better moisture distribution. Rubber- 

t i r e d  equipment referred t o  i n  t h e  table is considered t o  be heavily 

loaded coqactors  or earth-moving equipment with a mintmuxi wheel load o f  

15,000 lb .  If ordinary wobble-wheel rollers are used f o r  compaction, 

the thickness o f  compacted lift is usually reduced t o  about 2 i n .  Gran- 

ular soils with l i t t l e  or no fines generally show good compaction char- 

a c t e r i s t i c s ,  with the well-graded materials, GW and SW, usually furnish- 
d 

ing bet ter  resul ts  than the poorly-graded soils, GP and SP. The sandy 

s o i l s  i n  most cases are best  compacted by crawler-type t rac tors ;  on the 

gravelly materials mbber-tired equipment and sometimes steel-wheel ro l lers  

I are a l so  effective.  Coarse-grained s o i l s  w i t h  f i n e s  o f  low p l a s t i c i t y ,  

groups GM and SM, show good compaction characterist ics  with e i ther  sheeps- 
Y 

I foot rollers o r  rubber-tired equipment; however, the range o f  moisture 

contents for effective compaction may be very narrow, and close moisture 

control is desirable. This  is also generally true o f  the s i l t y  s o i l s  i n  

the ML group. Soils of  the ML group may be compacted with rubber-tired 

I 

I 

Gquipment or with sheepsfoot ro l lers  

&es, groups GC and SC, show fair compaction characteristics, although 

t h i s  quality may vary somewfiat with the character and amount o f  fines; 

Gravels and sands with  plastic 

rubber-tired or sheepsfoot r o l l e r s  nay be used. 

generally used for compacting fine-grained s o i l s .  

c c t e r i s t i c s  o f  such materials are variable -- lean clays and sandy clays 

Sheepsfoot r o l l e r s  are 

The compaction char- 
- 



(CL) being the best ,  fa t  clays and lean organlc c l t y s  or s i l t s  (OL and C E )  

fa ir  t o  poor, and organlc o r  mlcaceous s o i l s  (MB and OH) usually poor. 

For most construction projects of any mzgnltudc It L hlghly desuable 

t o  investigate the compaction characterlstzcs of the s o i l  by means of  a 

f i e l d  test  section. 

dry weight of the s o i l  groups for the standard M H O  (Proctor) compactlve 

e f f o r t .  It i s  emphasize& t h a t  these values t r e  f o r  guidance only and de- 

s ign or construction control should be based on laboratory test  resul ts .  

S u i t a b i l i t y  o f  solls f o r  foundations 

In column 10 o f  table A1 are shown ranges o f  unlt 

10. S u i t a b i l i t y  of soils f o r  foundztiona of embankments o r  struc-  

tures i s  primarily dependent on t h e  strength and consolidation character- 

i s t ics  of the subsoils.  Here again t h e  type of structure and i t s  use 

w i l l  largely govern the adaptabil i ty o f  a soil cs a satisfactory founda- 

t i o n .  For embankments, large sett le-nts  may ‘oe allowed and compenssted 

f o r  by overbuilding; whereas the allowable settlement o f  structures such 

i 

.. 
i 

as control  towers, etc., may be small i n  order t o  prevent overstressmg 

t h e  concrete or steel  of  which they are  b u i l t ,  o r  because o f  the neces- 

s i t y  for adhering t o  established grades. 

l y  satisfactory f o r  one type of constructzon but may require special 

treatment f o r  other tSpes. 

Therefore a sol1 m y  be entire- 

Strength and sett lenent characteristics o f  

soils are dependent upon a number o f  variables, such as structure, in-  

place density, moisture content, cycles of loading i n  their geologic h i s -  

tory,  etc . ,  which are not readily evaluated by a c l a s s i f i c a t i o n  system 

such as used here. For these reascns only very general statements can be 

made as t o  t h e  s u i t z b i l i t y  o f  the various soil types as foundations; t h i s  

i s  especially t rue  for fine-grained s o i l s .  In general, the g a v e l s  and 
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gravelly s o i l s  (GW, GP, GM, CC) have good bearing capacity and undergo 

l i t t l e  consolidation under load. 

good bearing value. 

Well-graded sands (SW) usually have a 
I 

Poorly-&raded sands and s i l t y  sands (SP, SM) mzy 

I exhibit variable bearing capacity depending on the= density; t h l s  1s 

I t r u e  t o  some extent for a l l  the  coarse-grained solls but i s  especially 

cri t ical  for uniformly graded s o i l s  of the SP and SM groups. Such s o i l s  

when saturated may become "quick" and present 811 additional  construction 

problem. 

have poor bearing capacity, p a r t i c u l a r l y  where heavy structure loads are  

involved. 

from a foundation standpoint, 5ut  i n  dome cases the soils may be soft 

and wet and exhibit poor bearing capacity and fa i r ly  large settlements 

under load. Soils of the  MH groups and normally-consolidated CH s o i l s  

my show poor bearing capacity and large settlements.  

and OH, heve poor bearing capacity and usually exhibit large settlement 

S o i l s  o f  the ML group nay be subject  t o  l iquefact ion and may 

Of the fine-grained s o i l s ,  the CL  group i s  probably the b e s t  l 

l 

Organic s o i l s ,  OL 
l 

c I 
i under load. For most o f  the fine-grained soils discussed above, the type 

I o f  structure foundation se lected is governed by such f a c t o r s  as t h e  bear- 

I ing capacity of the s o i l  and the  magnitude o f  t h e  load. It i s  possible 

that simple spread footings might be adequate t o  carry the load without 

excessive settlement i n  many cases. 

loads are r e l a t i v e l y  heavy, then al ternate  methods are indicated. 

foundations may be necessary in some cases and i n  special instances,  par- 

t i c u l a r l y  i n  the  case o f  some CH and OH soils, it may be desirable and 

economically feasible t o  remove such s o i l s  from the foundation. 

If t h e  s o i l s  are poor and structure 

Pile 

I 

Highly t 
organic soils, P t ,  generally are very poor foundation materials. These 

may be capable of carrying very l i g h t  loads but in general are unsuited - 

I 
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f o r  most construction purposes. 

foundation, they may be removed if hunted i n  extent,  they trzy be dis- 

placed by d~urping f i m e r  soils on top, or pLling nay be driven tkoUgr_ 

them t o  a stronger layer ,  proper treatxent will depend q o n  t h e  structure 

involved. 

If highly organic solls  occur i n  the 

Graphical Presentation of  S o i l s  Data 

11. I t  i s  customwy t o  present the r e s u l t s  o f  s o i l s  explorations 

on drgwings or plans as s c h e m t i c  representations of the borzngs or test  

p i t s  w i t h  the soils encountered shown by vzrious symbols. Cononly used 

hatching symbols are  smell irregular round symbols f o r  gravel,  dots for 

sand, vertical l i n e s  for silts, and diagonal l i n e s  for clays. Combma- 

t i o n s  o f  these symbols represent various combinations o f  materials found 

i n  the explorations. This system has been adagted t o  the various soil 

g r o u p  i n  t h e  unified soil c l a s s i f i c a t i o n  system and the ap7ropriate syn- 

bols are sham i n  column 4 o f  t a b l e  A l .  As an al ternat ive  t o  the  hatch- 

ing symbols, they may be omitted and the appropriate group l e t t e r  s@ol 

(a, etc.) written i n  the  boring log. 

o f  borings, the e f f e c t i v e  s i z e ,  D10 (grain s i z e  i n  mm correspondmg t o  

10 per  cent f iner  by weight), o f  coarse-grained soils and the natural 

water content o f  fine-gramed soils should be s h m  by t h e  side o f  t h e  

log. Other descriptive abbreviations nray be used as deemed appropriate. 

In c e r t z i n  special instances the use of color t o  delineate s o i l  types on 

maps and drawings is desirable. 

major soil groups i s  described in column 5 o f  table Al. 

I n  addition t o  the symbols on logs 

A suggested color scheme t o  show t h e  
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